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_ Crankease sand-cast in 


aluminium alloy for a 450 b.h.p. 
diesel engine suitable for railcar 
applications. By courtesy 

of Messrs. Davey, Paxman & Co. Lid. 








You get more than a casting from << a|AMALS 


A plan is the link between past experience and future efficiency. 
Birmal can be called upon at the planning stage, and will pro- 
vide the lessons and benefits of fifty-three years of casting 
experience. 

Birmal service includes advice on the selection of materials and 
casting processes, a wide choice of specifications and foundry 
workshop co-operation. 


Birmal supply aluminium and magnesium castings by the sand, gravity 
die and pressure die processes. 


Birmingham Aluminium Casting (1903) Co. Ltd. 


BIRMID WORKS SMETHWICK BIRMINGHAM 40 
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¢ get Oway... 


Friday fish, to find one of the few anglers 
whose hooks are not hardened in 

Birlec furnaces! For all small steel parts 
needing accurate production hardening 





and tempering, Birlec shaker hearth furnaces 
are pre-eminently suitable. 


BIRLEC SHAKER HEARTH 
XQ furnaces are available in standardised 


XQ capacities with appropriate non-scaling, 


ror-decarburising atmosphere control. 


_~ 


SS 
~~ 





BIRLEC LIMITED 


An A.E.1. Company 


ERDINGTON + BIRMINGHAM 24 


LONDON -: SHEFFIELD - GLASGOW - NEWCASTLE-ON-TYNE 


5M/B3955 
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NOW IT’S FOR 


B9 for DRY 


For high production dry cutting jobs on 
steels of all types use Norton B9 Resinoid 
Bonded Wheels. Their fast clean cutting 
abilities are enhanced by the added rough- 
ness of the sides—achieved by allowing the 
outside layers of abrasive grain to protrude 
naturally from the sides of the wheel giving 
more clearance in the cut. These are 
designated ‘F’ Sides. So, for the most 
economical dry cutting-off jobs with a 
really good finish specify Norton B9 Wheels 
with ‘F’ Sides. 





ALL CUTTING-OFF JOBS 


R50 for WET 


These new Norton Rubber Bonded Wheels 
have been developed for wet cutting oper- 
ations. Extraordinary results have already 
been achieved on high-speed, alloy and other 
heat sensitive steels. Consider the possi- 
bilities of wet cutting with Norton R50 
wheels if your jobs are being marred by 
excessive burring or burning. 


Both these Norton Wheels are outstanding for 
their speed and quality of cut and for their long, 
economical performance. 
on dry cutting with B9 Wheels or wet cutting 
with R50 wheels, consult your Norton or Alfred 
Herbert representative—or write to us 


NORTON GRINDING WHEEL CO. LTD. 


Telephone: WELWYN GARDEN 4501 (10 lines) 


WELWYN GARDEN CITY, HERTS. 


For the best advice 


NORTON ABRASIVES 


Enquiries also to ALFRED HERBERT LTD., COVENTRY 


NORTON and BEHR-MANNING factories also in Argentina, Australia, Brazil, 
Canada, France, Germany, Italy, Northern Ireland, South Africa and U.S.A. 


NGW/B9R50/ 141 
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HACKSAW BLADES 
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and 
feel 


the 
difference ! 














*Eclipse’ hacksaw blades and other tools are made by James Neill & Co. (Sheffield) Ltd. and are obtainable from all tool distributors 
UHI26 


cad Stepless speed variation — 
over a9 to | output speed 
range (1/3 to 3 times the 
input speed). 
Constant horse-power 
transmitted throughout 
the speed range. 
Flange mounted motors 
(when required) giving 
output speeds from 320 to 
2880 r.p.m. and from 480 


to 4320 r.p.m. 


Output speeds as low as 3 

to 27 r.p.m. can be obtained _ 
with flange mounted ~ 
Reduction Gears. Special \ 


- 





units are available for even 
lower output speeds. 
Exceptionally light, sensitive 
and accurate control of speed 
setting. 


Co-axial input and output i 
shafts which rotate in the 

same dircction. 

Service reliability resulting 

from a simple design 

manufactured to high precision 


limits. 
Compactness, with consequent \ 
ease of mounting as an integral 
part of a machine. 
& Vibrationless and silent 
performance. 
@ standard range 1/33 h.p. to ISh.p. 
Illustrated is a 14 h.p. variator 


AG 
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PLEASE ASK FOR ONE OF OUR DEMONSTRATION VANS TO CALL AT YOUR WORKS 
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ACOMPANY 1S 
KNOWN BY THE 


CUSTOMERS € 
PROMISES (7 KEEPS 


Although the world-wide reputation 
enjoyed by the Webster and Bennett 
Boring Mill is based on inherent quality 
and fitness for purpose there are other 
aspects of service of equal importance. 

One of those which is of particular 
pleasure and satisfaction to our cus- 
tomers, and a source of pride to our- 
selves, is a punctilious observance of 
delivery dates. No effort is spared to 
meet a promised delivery and although 
unforeseen circumstances have frequently 
arisen, sufficient in themselves to justify 
a delivery extension, deliveries quoted for 
machines have never been broken. 
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Y 
GG The illustration shows a Webster and 
‘ Bennett 60” Boring and Turning Mill 
at the Bradford Works of Crofts 
(Engineers) Ltd., machining a 60” dia- 
meter vee groove pulley with a face 
width of 26” having 18 grooves 1}” wide 
by 1}” deep. 


WEBSTER & BENNETT LTD., COVENTRY, ENGLAND 








all tensile loads 
a rectangular 
which moves in 


‘on a dial 
jor can check 


“parts totally enclosed. 
lubrication system. 





HORDERN, MASON & EDWARDS LTD., BIRMINGHAM, 24, ENGLAND 


TELEPHONE: Ashficid 1671 . TELEGRAMS: AITCHEMMEE, BIRMINGHAM 
London Office: 4, Vernon Place, Southampton Row, W.C.! Telephone: HOLborn 1324 
“- “ nx % €¢ take Ceennt Naracart t Teleohone: Blackfriars 5860 
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Dean Smithe Grace 


KEIGHLEY 
- UMD - 22200 


TELEPHONE: KEIGHLEY 5261 (7 LINES) TELEX No. 51-123 
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@ PERMANENT ACCURACY 
@ INTERCHANGEABILITY 
@ RIGID MOUNTING 


@ RAPID CHANGING 


ing ENGINE LATHE 


Note the spindle bore size, 
and oversize Camlock flange 
on these types: 


13” swing D1-6" 13” hole 
17” swing D1-8" 23” hole 
21” swing D1-11" 33” hole 
25” swing D1-11" 4)” hole 
30” swing D1-11" 43” hole 


eeeemer CIVE LITERATURE SENT ON REQUEST 
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The established range of BTG Precision Arbor 
Presses has been increased by the introduction of two 
pneumatically operated models, the largest of which 
will exert a pressure of GOO Ibs. A miniature hand 
operated model is also now available for light assembly 
and similar operations. 


A fully descriptive leaflet showing all details of 
capacity and price will be gladly sent, on request. 


BIRMINGHAM TOOL & GAUGE CO LTD 


SOHO HILL BIRMINGHAM 19 Telephone NORTHERN 3344 Telegrams RELIEF, BIRMINGHAM 19 


London Office 26 HOLBORN VIADUCT, LONDON EC1 Telephone FLEET STREET 6454 Telegrams BIRMTOOL, CENT, LONDON 
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HOW TO CUT COSTS 


AND PLEASE CUSTOMERS 


3M helped VIM. 
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Finding the RIGHT combination of 
tape and dispenser is an everyday job 
for 3M specialists. One machine 
illustrated applies printed P.V.C. tape 
to 300 VIM canister lids every minute. 





why aren't they helping us? 


TRACE MARK 


OTCH 


BRAND 
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INDUSTRIAL TAPES 
do the job BETTER 


LABELLING MASKING 

PACKAGE BANDING COLOUR CODING - MAKE 

READY + HOLDING REINFORCING BINDING 
AND 1001 OTHER USES. 


SEALING BUNDLING 





PRODUCT OF 


RESEARCH 











**3M, Tom? Minnesota Mining & Manufacturing—world’s biggest 
makers of industrial tapes, among other things. It’s their ‘Scotch’ tape 
seals this New Blue Vim canister. Housewife peels it off a pre-punched 
top, sprinkles right away. Tape carries a Vim sales message, too—in a 
mighty smart new blue. 

“*Here’s my point, Tom: it pleases the customer, and it saves Vim 
money. I hear 3M’s taping machinery tackles 300 tops a minute, and 
saves Vim a lot of valuable time. 

“Now, Tom: where do we come in? Yes . . . | know we don’t make 
Vim! But look here: 3M have tapes strong enough to tow a lorry, tapes 
that stick both sides, coloured tapes, printed tapes. What do we do 
about masking? Banding those special offers? Reinforcing cartons? 
Money’s tight now, Tom; customers are choosy. So do something, Tom! 
And put a bit of new blue vim into it—phone 3M today!’’* 


* 3M’s Tape Customer Engineering Department at 
your service—without charge. Phone HUNter 5522 


MINNESOTA MINING AND MANUFACTURING COMPANY LIMITED, 3M HOUSE, WIGMORE STREET, LONDON, W.1 
TAPE & ELECTRICAL PRODUCTS DIVISION—Telephone HUNter 5522. BIRMINGHAM - MANCHESTER - GLASGOW 
WORLD’S LARGEST MANUFACTURERS OF COATED PRODUCTS 
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Te, 
DIE-SET PILLARS AND BUSHES 


GUIDE PINS AND BUSHES 
for INJECTION AND PRESSURE MOULDS 


Nitrided pins and 
bushes are essential 
in any die or mould 
operating under heat! 


Nitrided cases do not 
soften! 


Nitrided parts are not 
self tempering! 








Nitrided parts stay 
hard indefinitely even 
through repeated 
cycles up to 500° C. 




















BAlTiem AERO COMPONENTS Cie 
MONTAGUE ROAD WARWICK ENGLAND 


The Bush with 9 Lives Tel. Warwick 320 Telegrams ‘Aeroparts'’ Warwick 


Cogent 





TES tl ak 
biggest names 
use SNOW 
precision 
grinders 
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HYDRAULICS FOR MACHINE TOOLS 


We at Keelavite are a team of experts in the design, installation and 
maintenance of complete hydraulic systems. We are ready to accept full 
responsibility for the proper working of all our installations, including all 
electrical or other control equipment. 

Not only this, we are the manufacturers of the largest range of hydraulic 
units in the United Kingdom. 

We are, of course, fully experienced in special applications of hydraulic 
power for the machine tool industry. 


Jive THE RECOGNISED AUTHORITY 


Hydraulics 





MACHINE TOOL DIVISION 





KEELAVITE ROTARY PUMPS & MOTORS LTD 
583 ALLESLEY, COVENTRY Telephone: Meriden 441 


hester 
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' the machine | 
you can't 
afford to be 
without! 


A & S Model 2D 
Production Milling Machine 
with automatic cycle 





Mode! 2B also available with 
normal automatic feed 





Somebody said “You cannot do today’s job on 
yesterday’s tools and still be in business tomorrow.” 
If you agree, how can you afford not to replace slow, out-of-date 
machinery by modern high-efficiency equivalents? 

What this country needs is simple automatic-cycle tools like 

our model 2D, that save money by doing more work per man-hour. 
Here you have a heavy, powerful miller giving you fast 
controlled production from a simple mechanical automatic 

cycle at an economic price. With its 23” automatic table 

traverse 20 table feeds and 12 spindle speeds it is capable 

of higher output per pound capital cost than either 

(a) a general purpose machine with its high labour wastage or 

b) a too complicated and costly fully automatic machine. 


Let us send you a brochure describing this machine fully. 





> 


( 
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ADCOCK & SHIPLEY LTD 
P.O. Box 22, Ash Street, Leicester 





Telephone: Leicester 24154-6 
Telegrams & Cables: Adcock, Leicester 


Built up to a standard -not down to a price 


The Institution of Production Engineers Journal 








fot 53 sweat 








The Institution of Production Engineers Journal 


made to measure 


..-.inall workshops 





Universal Measuring Support Type U-10 
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Every Production Engineer knows of the 
peaks and valleys of output. Most Production 
Engineers already know the Lansing Bagnall 
range of industrial trucks. If you doubt the 
efficiency of your materials handling methods, 
call on us to study how best your productivity may be increased. 
Detailed specifications of the widest all British range of 


industrial trucks in Europe are available on request. 


Write for literature to: 


DEPT. 21, BASINGSTOKE, HAMPSHIRE, ENGLAND 
Telephone : Basingstoke 1010 
Telegrams : Bagnallic, Basingstoke 


Also at: BIRMINGHAM, CARDIFF, WARRINGTON, GLASGOW, LONDON, TORONTO and ZURICH 
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IT PAYS TO TURN ON 


COLCHESTE 





Inspect these and other machines in our showrooms. 


' | ! For further particulars write or telephone TODAY 
ROCKWELL 


Ce WINE OOD SOS WELSH HARP, EDGWARE RD., LONDON, N.W.2. 
TEL: GLADSTONE 0033 


ALSO AT BIRMINGHAM—TEL: SPRINGFIELD 1134/5 - STOCKPORT—TEL: STOCKPORT 5241 - GLASGOW—TEL: MERRYLEE 2622 
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DIAMOND 


cut 


DIAMOND 


We use our own products 







In machining Diatipt tool 






shanks to the required accuracy and 
finish we use surface grinders 
extensively. The abrasive 

wheels on these precision grinders ” 
are trued with Diatru Single 


Point Tools mounted in Diadex 


Indexing Tool Holders 





VAN MOPPES & SONS (DIAMOND TOOLS) LTD TELEPHONE: BASINGSTOKE 1240 
BASINGSTOKE - HAMPSHIRE - ENGLAND TELEGRAMS: DIATIPT BASINGSTOKE 











OUR ILLUSTRATED DATA SHEETS AND OUR TECHNICAL REPRESENTATIVES ARE AVAILABLE ON REQUEST 
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NIWINIFH 


Special Machine 
with 4 spindles 
fol am colle] aMmelare Milalhiamuulli 


. ing of the inner spherical ee 
cage indifferential cases. ioe 





Output: 
80 components 
per hour 


Full automatic 
working cycle in- 
rel Wrolate Mol UL Tolutoiita 
inserting and 
changing of tools 





SOLE AGENTS 


olan @12-tolm =a leliammelale Mla-tielate! 


GEO. KINGSBURY LUDWIGSBURGER MASCHINENBAU 
& Co. Ltd. (Machine Tools) GM 8 Hi 


54Viclorio Stree! LUDWIGSBURG. WURTT. 
LON DON sw GERMANY 


af -sl-Yelalelar= 
TATE GAEL EK Y 0462-3 
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FIRST IN THE FIELD—AND STILL IN THE LEAD 


The Pre-fabricated 
Drilling Platform under 
construction, showing 
the bow end. 


LINCOLNWELD SUBMERGED ARG 
WELDING UNITS ARE CHOSEN IN 


PREFERENCE 10 ALL OTHERS 


The first of its kind to be built in Great Britain, the 4,800 ton 
marine oil drilling platform being constructed at Southampton by 
STEEL STRUCTURES LTD., in association with John Howard & Co. 
Ltd., of London, and the De Long Corporation of New York is 
extensively LINCOLNWELDED. 

LINCOLNWELD Fully Automatic Submerged Arc Welding Units 
using Lincolnweld Wire and Flux have been extensively employed 
for the fabrication of the platform, the all-welded hull (200 ft. long, 
106 ft. wide and 16ft. deep), the Caisson Shells and the Jacking Bars. 

Lincoln Improved Fleetweld 5 electrodes were used for the hand- 
welding of the root runs on the Caisson Shells and Lincoln 
Jetweld Iron powder electrodes for the manual welds on the 
Jacking Bars. 

Hundreds of LINCOLN Automatic Welding Units are in use 
throughout the world. May we advise on your problem? 

Write or telephone The Automatic Division. 


AAI Si SRR Sate te ses oe a et 


WELWYN GARDEN CITY 
HERTFORDSHIRE 
Welwyn Garden 920 (5 lines) 4581 (5 lines) 
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WM JESSOP & SONS LTD rarunes J J) SAVILLE & CO LTD 
BRIGHTSIDE WORKS SHEFFIELD TRIUMPH WORKS SHEFFIELD 


ALL ENQUIRIES TO: SMALL TOOL WORKS PORTLAND ST SHEFFIELD 6 - TELE 20224 








Engineers know that precision is the word which best 





describes the work performed by Societe Genevoise machines. 
The high accuracy and rigid construction of Société Genevoise 
machines ensure the accurate positioning and alignment of 
holes, low machining times and thus greater output. Substan- 
tial economies in machining times are also effected by the 


elimination of costly jigs and fixtures. 


Complete information about the jig boring machines 


made by Société Genevoise are available on request. 


Société Genevoise Ltd. 





‘ Sogenique Service... 


Area Engineers provide country-wide maintenance HYDROPTIC 7P 


of Société Genevoise machines. The installation 





and service of these machines is cartied out by 
Sogenique (Service) Limited under the GSIP 
e 


guarantee. Prompt service is available whenever 


required. 


HYDROPTIC 8P 








NEWPORT PAGNALL * BUCKS :° 


HYDROPTIC 6 















TELEPHONE 260-1-2 
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Pinas =, yf Minor Cylinders— }” to 24” dia. 
4 ; | ome 
| me \ 4 Y, Standard Cylinders— 2” to 8” dia 
fe \\ ’ hain. re ; 
sf A } 
u "4 Heavy Duty Cylinders— 2” to 12” dia. 
; ; y 3 
uG, 
iY VU 


A| Control Valves and Accessories 
y, | 
A _ = od . . . 
~ a ea ; for all pneumatic applications 


Catalogue on application to: 


MARTONAIR LTD - PARKSHOT - RICHMOND - SURREY 


Also in Australia, Belgium, Canada, Denmark, Finland, Germany, Holland, Iceland, New Zealand, 


Norway, South Africa, Spain, Sweden, U.S.A. A.D.43, 
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This nickel chrome molybdinum steel 


gearbox mainshaft, nearly 16” long was 


SEE SBEEB ES 


produced from a forging in two minutes 
and one second on a Churchill-Redman 
P.5. Lathe. In this time 34 Ibs. of 
metal were removed. 
This is the usual high speed of 
operation obtainable on a 
Churchill-Redman. P.5. Multi-tool and 
Profiling Machine. Ample power 
= and the speed of feed make substantial 


new machining economies possible. 


For full 
details of 
the P.S 


write to: 
AND COMPANY 


CHARLES CHURGHILL LIMITED 


Coventry Road, South Yardley, Birmingham 25. Branches: LONDON - GLASGOW : NEWCASTLE - MANCHESTER 
TAS/CCI8 
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44" x 20" SS & SC Lathe. 





|2spindlespeeds. (39—1430 R.P.M.) 
| Toolroom | 
¢ collet capacity. 
Lathe 


Norton gear box, 27 changes, 
8—76 T.P.I. (including 19 T.P.I.) 


Taper turning with 


attachment—9’ maximum. 


@ Illustrated literature available from:- 


Buck & Hickman Ltd Modern Machine Tools Ltd., C. H. Joyce Ltd., Sadat Momtinn ie Co., 
iW. Woatford-By-Pass, Gosford Street, 40, Monkton Street, -157, St. John Street, 
Onterspo! W 7, We erery Coventry Kennington, London, S.E./1. Clerkenwell, London, E.C./. 
Burton, Griffiths & Co. Lid E. H. Jones (Machine Tools) Ltd., Rockwell Machine Tool Co. Ltd., 
Mackadown Lane, Marston Green, Garantools House, Portland Road, Welsh Harp, Edgware Road, 
Birmingham Hove, Sussex London, N.W.2. 


, SMART & BROWN scone rons LED. 


25 MANCHESTER SQUARE+ LONDON : W:1 
Telephone Welbeck 7941/6 Telegrams and Cables Smartool, Wesdo, London 
NRP 
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Top quality may not be quite so rare as 
the four leaf clover, but be sure of obtain- 
ing the best by specifying Osborn engineers’ 
cutting tools. The range available includes 
almost every type of engineers’ cutting 
tool, and these are manufactured through- 
out from steelmaking to finished product 
within the same organisation. 


MU SH 2 eee 
ENGINEERS 
CUTTING 
TOOLS 





SAMUEL OSBORN 


PINE GTEELM AKERS STEELFOUNDERS 


Twist Drills 
Reamers 
Milling Cutters 
Lathe and Planer Tools 
Toolholder Bits 

Hand Chisels 

Pneumatic Snaps and Chisels 
Files and Rasps 
Hacksaw Blades 
Taps and Dies, etc. 





& CO., LIMITED 


CNGEINEENS 1O0LPIANERS 
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PN EU'TOMATION 


perfect control for 
complex jobs 

































Before production problems become 

major headaches, get a vest-pocket elephant 
into your works—PNEUTOMATION! 
PNEUTOMATION gives you jumbo- 
sized performance—plus docility. 

It never varies, never tires, delivers exactly 
the right amount of power, in the right 
place at the right time—every time. 

With PNEUTOMATION in control, 
human errors and operator fatigue become 
things of the past, production speeds up, 
costs and rejects drop. 

Simple design, careful workmanship and 
completely non-corrodible materials cut 
replacement and maintenance costs, 

make Lang PREUTOMATION 

a really long-lasting, 





trouble-free pneumatic power system. 


Pneutomation 
never forgets 
to operate 


PNEUTOMATION 


energy under control 


The ‘ Pneulang” basic cylinder unit, just one of 
the 264 cylinders available ‘ off-the-shelf’. 

The range of PREUTOMATION equipment also 
includes many types of manual and automatic 
valves, lubricators, airflow regulators, 

pipes and fittings, etc. 












08 i es 


LANG PaEvyMaATIC. LTD 


VICTORY WORKS BIRMINGHAM ROAD WOLVERHAMPTON Tel 25221-2373 





Associated with Desoutter Brothers (Holdings) Ltd. 
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The first stage of the 


BROWN & SHARPE LID. 


MACHINE TOOL FACTORY at 
PLYMOUTH, DEVON, ENGLAND 


where the world-renowned range of Brown & Sharpe Machine Tools 
will be built . . . « « « «© + « + Managed and Controlled by 
Brown & Sharpe Executives. 







BROWN & SHARPE No. OOG HIGH SPEED AUTOMATIC 
SCREW MACHINE — Now in full production 


THE No. 2 SERIES MACHINES — Available soon. 


Weare Sole Agents in this Country for Messrs. Brown & Sharpe Manufacturing 
Co., of Providence, Rhode Island, U.S.A., and also for the new British 
Company — Brown & Sharpe Ltd., of Plymouth, and will be pleased to 
furnish you with details of this, or any other Brown & Sharpe Machine in 
which you may be interested. 


BUCK & HICKMAN LTD 


MACHINE TOOLS, OTTERSPOOL WAY, WATFORD BY-PASS, HERTS 
Head Office: P.O. Box No. 74, WHITECHAPEL ROAD, LONDON, E.1 
Branches: ALPERTON - BIRMINGHAM - BRISTOL - GLASGOW ~- LEEDS - MANCHESTER 
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Terry's circlips cut production costs 


OO 


Delivery from stock in sizes from }” to §” 
Please may we send you samples ? 


TERRYS 


HERBERT TERRY & SONS LIMITED, REDDITCH, ENGLAND 
Famous for s, rings and presswork for over 100 years 
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Maxam offers a detailed reference book 


on fluid-power equipment 









DeUTRAR FORTIGON BAACHET MOUNTING 
Wa PALNES 
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VALVE TYE MUMBERS 





See TPR OMNES MOOS conte aenaghe 








NEUTAAL FORTION THREE POSITION 
hMITIVE LOCK, BRACKET MOUNTING 
war VALVES 


SIMENTIONS 


sate 
2a % 
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ALVE Tree NUMBERS 
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Pe Bet &. ® 











FREE to Chief Engineers, Methods 
Engineers, Plant Engineers, Designers, 


Draughtsmen, Buyers and Librarians. 


FULL PLANS AND SPECIFICATIONS 
OF MAXAM EQUIPMENT 


Just post the coupon below or write for your copy. 


Take a tip from MAX AM and write in now—there’s going 
to be a big demand. 





To: MAXAM POWER LIMITED, CAMBORNE, CORNWALL. 
M AX A M PO WwW E R L I M IT E D Please send me the new Maxam publication, 166A. 
Camborne, England. Telephone: Camborne 2275 (10 lines) 


44 Brook St., London W.1. Telephone: Hyde Park 9444 I AE OI Me cc cco re nate tna oecgdpscs sannichance onl cadicaligoat eeenereeecsenarcneeesesacsenaccosesseees see . 


. ‘ POSITION 
A company in the Holman Group which has branches, 
technical representatives and agents throughout the | BUSINESS ADDRESS 

United Kingdom and the world. Jip 2 
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For the Blackfriars “* Masson ” Rotary Cutters, used for cutting 
up such materials as plastics, rubber, etc., into chips, granules 
and finer particles, the knives which revolve at high speed and 
the stationary knives against which they work are subject to 
very heavy wear. 

The blades must be hardwearing and at the same time tough, 
and a most satisfactory knife has been adopted, using the Stag 
Athyweld process of deposit welding for the cobalt chromium 
cutting edge. 

Have you a similar problem that Stag Athyweld could solve ? 


One of the six sizes of Rotary 
Cutter, the largest of which, 
driven by a 70-h.p. motor, has an 
output of over 3,000 lb. per hour. 


| Edgar Allen « Co Limited 


IMPERIAL STEEL WORKS - SHEFFIELD - 9 
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Cutting up toudh steht! 


To EDGAR ALLEN & CO. LTD. $T27/IPE 
SHEFFIELD 9 


Please send ‘“‘Stag Athyweld’’ data to: 


oer rer eC Cee eeereerererrrererrrererrrrrrerrrr rr TT) 
errr rere eee reer reer rerrrererrrerrrrrrrrrrr rrr rT t TTT yyy 
oeeeeE CECE OCCOCCOerCeeeererererrrrrrrirr yr Tir tity) 
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e Stacatruc 


Made by I.T.D. Ltd. of Birmingham, the Stacatruc 
624D is widely used in industry. 

The sectional drawings of the transmission and 
wheel bearings show the practice followed, with 
heavy-type differential gear and full-floating driving 
shafts to hubs carried direct on the axle casing. 
The drawings show the arrangement of the Timken 


bearings. 


Regd. 
Trade 
Mark 


tapered-roller bearings 


MADE IN ENGLAND BY 
BRITISH TIMKEN LIMITED 


DUSTON, NORTHAMPTON (Head Office); DAVENTRY and BIRMINGHAM 
Telephone: Northampton 4921-8 and 3452-3. Telex No. 31-620 
Telegrams: Britimken Northampton Telex 


SUBSIDIARY COMPANIES: FISCHER BEARINGS COMPANY LTD., WOLVERHAMPTON 
TIMKEN-FISCHER STOCKISTS LTD., BIRMINGHAM 











APL greases passed 
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TRIUMPHS OF SHELL RESEARCH...2 


eheir finals in June... 


Radiation broke up the gel structure of conven- 
onal greases. They lost their lubricating proper- 
fies, turned fluid or granulated. Completely new 
inds of greases were needed by the atomic power 


and sunk into the B.E.P.O. pile. There it was not 
only subjected to mechanical working and high tem- 
peratures in CO;, but also to an integrated pile 
dosage of 2.7 x 10'* thermal N. per sq. cm. plus asso- 


dustry for the bearings situated within the 
adiation field. 

The Shell Group started working out radiation- 
esistant APL greases whilst most nuclear power 

ations were still on the drawing-board, and the 
esearch that went into them is characteristic of 
he way Shell set about doing things. 

A team of research workers was assembled at 
Shell’s Research Centre at Thornton. After four 
years of research and testing — both at Thornton and 
the A.E.R.E. Harwell- APL greases were ready 

i or their finals. A sample was packed into a bearing 
A 


ciated radiation. APL greases sailed through their 
finals—and Shell are proud of it. They should be. 
For with these greases, Shell completed Britain’s 
first range of Atomic Power Lubricants. 

The moral of the APL story is that Shell 
research is supremely applicational. The Centre 
at Thornton is always ready to work with even the 
most specialised sectors of industry to produce the 
right lubricant for the job. If you and your organi- 
sation have any major lubrication problem, it will 
pay you to get in touch with your local distributor 
of Shell Industrial Lubricants. 


The Research Story 


Naturally a whole variety of greases were investigated. Conven- 
tional metallic soap greases were affected even by relatively low 
levels of radiation. Other greases based on synthetic and non- 
petroleum materials were examined and found to be equally 
unstable. Some of them softened appreciably and became tacky, 
whilst others hardened. 

The Shell APL 700 series of greases are specially processed 
with an inorganic gelling agent, the base lubricant used being 
similar to the APL oils previously proved highly resistant to 
radiation. There were three series of tests. First tests were prelimi- 
nary radiation tests at Harwell. Then the greases were tested for 
their lubricating qualities in a high temperature (400°F) pressurised 
CO, anti-friction bearing rig turning at 1,500 r.p.m. For the final 
tests in June, actual working conditions were simulated at Harwell. 





ATOMIC POWER LUBRICANTS 


another proof of Shell leadership in lubrication 
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‘My GUWNOR’... 











f 
‘““Mr. Mac” says “tas Steel Spe- | 
Ciulists our range of steel must 
cover all the sizes and specifica- 
é : : } 
tions in demand by industry 





today!”’ We strive to meet this 
challenge, our stock is in 
excess of 5000 tons 






covering all sizes, 
in 25 different 
specifications. 








Mie wud 5 MNMitil to Lil 


USASPEAD CORNER, PENTONVILLE ROAD. LONDON N.I. 
Tel’ TERminus 7060 (20 lines). Telegrams: Usaspead, London Telex. Telex No 22788 





This is an example of All-Welded Machine 

Bed Plates manufactured by this Company. 
The photographs show how well the 
complications of modern machine practice can 
be overcome by this modern method, 


resulting in great economies. 
ALL WELDED MACHINE BED PLATE 


















We can profile cut any 
shape in mild steel from 
1” to 6” in thickness. 
Our products are clean 
cut and necessitate the 
minimum of machining 
and finishing. They make 
for large economies in 
reducing the number of 
operations. Send your 
enquiries to :- 





FABRICATED BED PLATE 








460 MANCHESTER RD. BOLTON Phone BOLTON 4020 (3 LINES) TELEGRAMS ‘WAGON’ BOLTON 
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VARLCEY 


DO ALMOST ANYTHING 


...and the odds are we are helping 
you to do it. We are specialists in 
design for mass production. We 
also design and mass produce to 
special requirements. 

Some of our successes in this field: 
Relays and Coils for the Aircraft 
Industry. 

Motors for Hair Dryers. 

Coils, Solenoids and Harnesses for 
the Automobile Industry. 

Motors and Solenoids for Washing 
Machines. 

Mechanisms for Electric Razors. 
Coils, Solenoids, Relays and 
Transformers for Computing 
Automation and other Industries. 
Whether we help you design (which 
we prefer) or produce components 
of your own to rigorous schedules; 
we believe that we can save you 
money and serve you better . . 
Over five decades of experience is at 
your call... Can we useit for YOU. 


Problem: 

Develop a special 14 watt shaded 
pole motor of 2,400 r.p.m. to run 
quietly and continuously in high 
ambient temperatures with a 
special starting torque. 

Solution: 

Motor developed by Oliver Pell 
Control in less than one month. 
Order Placed. 4months from order, 
production of 500 motors a week 
started. We can do this for YOU 












































coca fly 


... drive 





. - » compute 


Do almost any Thing-- 






OLIVER PELL CONTROL LIMITED 


CAMBRIDGE ROW, WOOLWICH S.E.18, ENGLAND. CABLES: VARLYMAG, WOOLWICH. TELEPHONE: WOOLWICH 1422 
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PRICES 
Finished * Blanks 
Reamers for sizing 
The benefit of our lower Grinding 
4 ° SIZE B.S.I. Allowance 
production cost is yours. Limits | on Nominal 





The considerable demand for Wimet 
Expansion Reamers has resulted in 
the introduction of new manufac- 
turing methods. These have led to 
lower costs which are now being 
passed to you in the form of lower 
prices. 

Wimet tipped tools already possess 
a life many times greater than 
ordinary tools and in the Expansion 
Reamer this is multiplied many 
times over by the ability to expand 
it and regrind to size. 

Delivery of all commonly used sizes 
can be made from stock. Please 
write or ’phone your enquiries. 


64/3 | 47/9 





on request 


tHatt 


¥ | 76/- | 58/- 





sizes 





84/- | 64/6 


Prices for inter 





89/3 | 68/3 














Finished Reamers 
r——— +0°0005” /0:001” + 0-0004” /0-0008" 
ate 











* Blanks for sizing are finished in all respects 
but left with grinding allowance for circular 
grinding and backing-off by customer. 


EXPANSION REAMERS 


WicCKM™M AN @ ELIMITE D 


WIMET DIVISION, TORRINGTON AVENUE, COVENTRY 
Telephone : Tile Hill 66621 
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Selling in World Markets 


A Report of the opening Session of the Production 
Conference, held at Olympia last May, at which 
this vitally important subject was discussed by 
representatives of the Federation of British Industries, 
the Board of Trade, and the buying and selling 
industries. 

The Chairman was Major-General K. C. Appleyard, 
C.B.E., T.D., D.L., J.P., M.l.Mech.E., M.l.Prod.E., a Past 
President of the Institution, and an internationally 
known consultant engineer. 


Prices for intermediate sizes available on request 


PENING the meeting, the CHAIRMAN, Major-General K. C. Appleyard, 

C.B.E., T.D., said he thought it was clear to most people that production 

was of no use at all without sales. The sales people were therefore the 
spearhead of all our industrial enterprise and efforts. 

The sales people themselves had to look back to the production people for 
designs and specifications to meet particular markets, for deliveries and prices to 
meet competition, and therefore there was bound to be — or ought to be — a 
very close alliance between the people who were responsible for selling and the 
people who were responsible for production. 





In the U.K. there had been for many years a seller’s market, and far too large 
a percentage of firms had been too busy, or imagined themselves to be too busy, 
to worry about going into the export field. But that day, in the Chairman’s opinion, 
had gone, and today the U.K. either went out into the world to sell goods in 
competition with Germany and Japan and the United States and Russia, or else 
sank back into conditions of unemployment. 


This, therefore, was one of the most important subjects that could be considered 
at this time; and having this in mind, the Institution had invited four distinguished 
men who would speak on this problem from their own experience and point of view, 
and would then discuss amongst themselves some of the points that had arisen. 
The Chairman hoped they would disagree, because disagreement sometimes provided 
a good deal more by way of illumination than complete agreement. Subsequently, 
b the discussion would be thrown open to the audience. 





& j Nobody knew better than the Chairman the difficulties of the production 
engineer who was asked to disturb his standards of production to provide special 
materials for a special market, and this kind of problem was one that it was hoped 


would be brought out in the discussion. 
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The first speaker would be Mr. Thomas Whittaker. He was well-known not 
only as a fine salesman, but as a man who had his own ideas and was not afraid 
to express them. 


The next speaker would be Dr. E. H. Hague, who also had a mind and definite 
ideas of his own, and the Chairman was perfectly certain that he would express them. 
He had had worldwide experience and today was responsible for buying materials 
in the United Kingdom for the Shell Petroleum Company. These materials ran all 
the way from garments to large-scale engineering products, and the materials he 
bought went to over 100 countries. 


Following that, they would hear from Sir John Taylor. The Chairman first met 
Sir John Taylor when he was Britain’s Commercial Minister in Washington, an 
appointment that he filled with great distinction. He enjoyed also meeting him later 
on when he was the British Ambassador in Mexico. Sir John had seen our efforts 
from the other side of the world, and the Chairman was personally delighted to 
see him present as Director General of the Hispanic and Luso-Brazilian Councils. 
He carried a position of great responsibility with regard to U.K. relations with the 
Spanish-speaking countries in America. 


Finally, Mr. Hughes would address the meeting. Mr. Hughes was one of those 
delightful and intelligent people who are members of the Civil Service. He was 
Under-Secretary at the Board of Trade. He had had a wide experience of European 
and other countries overseas, and he was now in charge of The General Division, 
concerned with general economic questions, which was a wide subject, the balance 
of payments, export policy and promotion, and publicity. 
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This photograph taken at the 
Production Conference prior to the 
opening of the Session on “ Selling in World Markets ” 
includes the Chairman, General Appleyard, with the speakers. Reading 
from right: Mr. Thomas Whittaker; Mr. Griffiths, Director of The Incorporated 
Sales Managers Association; Mr. J. R. Blinch, Secretary of The Purchasing Officers Association; 
Sir John Taylor; Dr. Hague; General Appleyard; Mr. William Hughes; Mr. W. F. S. Woodford, 
Secretary of the Institution; and Mr. S. Caselton, Deputy Secretary. 














|. THE SALESMAN 








Mr. Thomas Whittaker, Managing Director, Smith & Nephew, Ltd. 


I DID not quite know what I was coming to when 
I was invited here. I thought I should be Daniel 
amongst the lions as a sales manager amongst pro- 
duction people. Nothing pleased me more than to 
find that I was billed in the programme as a salesman. 
That is a word which is generally used in the English 
tongue, I think, with a certain amount of opprobrium. 
The salesman is looked upon as the sort of chap who 
goes round telling tall stories and somehow or other 
forcing upon people goods they don’t want to buy at 
a price they certainly think is far too high. But 
frankly I feel rather flattered, if I may say so, that 
you should describe me as a salesman, because I make 
no bones about it that I think selling is a business 
activity which has a more fundamental influence on 
the life and the living standards and the economics 
of the country than any other single activity. 

The sales function is very much, in my view, 
interlinked with the function of producing, and too 
much play has in the past been given to the treatment 
of both as distinctive and separate occupations. 

We have a saying in our Sales Managers’ 
Association that no business activity starts until some- 
thing is sold. You may think that is very provocative, 
but think about it: there is a good deal of truth 
in it. 

It is equally true, of course, that you cannot sell 
anything unless you can make it, and it does not 
matter whether you put the chicken first or the egg, 
in this case. There is undoubtedly a strong interlink 
between the function of producing goods and the 
function of disposing of them. Both are completely 
interdependent and no more so than in the field 
of overseas selling. 


fitting production to sales 


I should like to spend a few minutes upon a subject 
General Appleyard has referred to generally : namely, 
what one might call the fitting of production to sales. 
It has several aspects, and the most common and 
one of the- most difficult, perhaps, in regard to selling 
goods overseas relates to the type of article that 
should be sold. 

The development of economic production is surely 
based very largely upon rigidity. You people, if I 
understand correctly, very much like to design 
machines that will turn out incredible numbers per 
minute, or per hour, or per day, or per week, with 
three shifts. You like them to run 24 hours a day. 
You would obviously like, having spent a lot of time 
and effort in designing such plant, to be able one 


fine morning to press the button, so to speak, and 
just stand by and see it go beautifully and smoothly, 
turning off the goods at the other end. Everything 
is mechanical; very little labour is used; and there 
is nothing else to worry about. 

It is excellent from your point of view, but what 
about selling ? Most selling is in fact based not upon 
rigidity but upon elasticity, viability, call it what you 
will — the ability to move quickly from one set of 
circumstances to another. Whereas you are dealing 
very largely with sheer hard facts and make mathe- 
matical calculations which show that if you can 
produce x per minute, you can get a certain definite 
mathematical result. We do not deal in facts as much. 
We deal in people’s lives, and thoughts, and whims 
and fancies. Therefore, although a lot has been 
written and spoken about the ability to turn selling 
into an exact science, it cannot and never will be an 
exact science. You just cannot predict what the con- 
sumer — and I am thinking just now very largely 
in terms of the mass consumer, the great wide public 
all over the world — will think; you just cannot 
quite .predict how they will regard an article from 
the point of view of colour, from the point of view 
of what it will do for them. I think we should 
remember in this connection that the difference in 
outlook is emphasised also by the fact that production 
turns very largely upon how you make an aarticle, 
what goes into it, what are the qualities of the 
materials that go into it, and so on. On the other 
hand, the purpose for which it really sells has not 
very much to do with what goes into it. It has much 
more to do with how it will perform and whether 
what it will do for the purchaser, the consumer, is 
worth the money that he is asked to pay for it. 


This difference becomes very marked in regard to 
overseas business and it is no good pretending that 
you can, of necessity, because a certain article is the 
one that you produce and can produce most 
economically, say that it is the one the consumer wants. 
The consumer may want rounded corners. You may 
say it must be square because otherwise there is a 
loss of material, a wastage factor. You may say you 
cannot do it with round corners; that like Henry 
Ford you can produce it in any colour they like, 
provided it is black. I’m sorry, but the lady in the 
Argentine or the South of France might very well 
like it in pink. She may like it in pink with a white 
edge. She may like it with all sorts of fancy trims. 
And she is the person on whom you and the salesman 
and everybody concerned with the operation depends. 
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We sales people are accused of asking you too often 
to do the impossible. You then tell us that if we 
must have the article with rounded corners and two 
or three colours instead of in its simplest form, it 
will cost us 200°4 more. The 200°/, is so flagrant 
an exaggeration that we won’t dwell on that one. 
But what is the good of producing the article to your 
standards — that is to say, without the trimmings the 
good lady purchaser or the man purchaser wishes to 
have — if you cannot sell it and if they do not want 
it ? A wonderful machine that will turn out vast 
quantities of articles that nobody wants is no good 
to anybody. 


meeting the customer’s needs 


There are other aspects of co-operation. You 
accuse your sales people, of course, of never knowing 
what they want, of never giving you a decent run 
in many cases. When we ask what you mean by a 
decent run, it usually turns out to be starting the 
machine on Ist January and letting it run on the 
same article, the same colour, the same size, the same 
everything, and the same packaging to the 3lst 
December. We may want to sell by a variety of units, 
one customer wanting 50, another 100 and another 
something else. All these things are frequently vital 
to securing a market, and they are more necessary 
than when you are pioneering business. 


Let me give you an example. We may perhaps, 
particularly in overseas markets, have someone coming 
along and requiring us to supply something different 
from the standard in one particular or another or 
perhaps even a completely new article in quite small 
quantities in a market that is just starting. The size 
of the business we can offer you does npt compare 
with the mammoth quantities you make in your 
established lines and you do not want to produce it. 
This is one of the root causes, I think, why we fail. 
Between us, you as production people and we as 
sales people, we fail to get ourselves into the right 
frame of mind where you can say: “ Well, all right. 
We recognise it. We have to do it, but it hurts”. 
We equally — and I will admit this — might some- 
times make a little more of a contribution towards 
solving your sort of problem. 


I well remember in our own business some years 
ago the time when we were very short of supplies 
based to a great extent on textiles. The day came 
when we got all the cotton cloth we wanted. It was 


not long afterwards, quite frankly, that our produc- 
tion manager came to us and said: “I have given | 
you a pretty rough ride these last years, because 
I haven’t been able to do many of the things you 
wanted. I am going to let you have these things now. 
You must have them, I recognise, to open new 
markets, to develop new products, and so on ”. 

There are many aspects of this problem, but I 
believe it is fundamentally at the root of some of 
the failures for which mainly British industry 
generally, but the sales people in particular, are 
blamed. I hope we can do something this afternoon, 
in our discussion, to get a better appraisal of each 
other’s problem and a better working alliance between 
production and sales. If we can do that, it will be 
both useful and helpful. 

Just let me give a final illustration of the point. 
Many years ago, before the War, I was concerned 
for a brief period in a business making motor-cycles. 
We had an order — a trial order for a foreign army 
— which we executed successfully to specification, 
colours and so on. We then got a larger order for 
several hundred machines. Being relatively new, I 
passed this over to the factory side and told them 
there was a specification. They knew the specification 
already and they could get on with the machines. 
Later on, in the works, I was invited to look at the 
first delivery. I looked at the machines and 
immediately said: “I’m sorry, but that’s not the 
colour. This doesn’t tally with the description of the 
green finish and the dull exhaust pipes and the rest 
as given in the specification”. I was told: “ But it’s 
perfectly all right”, but I insisted and they went 
away and came back saying they had looked at the 
specification and they were perfectly happy about it. 
I rather unwillingly let the machines go, but no 
sooner had they arrived than a cable came saying 
that the first batch of machines was wrong. 


the reason why 


It took several days to locate the specification. 
Production engineers know better than I do where 
specifications get to. We found it with the old fore- 
man in the paint shop, together with the specimen. 
We had only to take one look at it to find the 
answer. Instead of using the colour specified, they 
had finished the machines with the British Army 
colour. “Well”, said the foreman, “why not ? If 
it’s good enough for the British Army it’s damn well 
good enough for any other army ! ” 





600 





2 MS bebe 


eer BS eh CR CP eee CD 8 et ed ey 


ae 





2. THE BUYER 





Dr. E. H. Hague, Head of Purchasing Department, Shell Petroleum Company, Ltd. 


M* comments on this subject — quite general ones, 
since time does not permit more — are made 
from the buyer’s viewpoint based on an operation 
involving exporting British equipment and materials 
to over 100 countries. If, on occasion, I appear to be 
trying to “teach my grandmother to suck eggs” 
forgive me — it is not intended. My hope is simply 
that one or two of the points touched on may be 
helpful by the very fact that the overall problem 
is approached from a quite different angle from that 
of the manufacturer and salesman. 


I, Delivery Problems 


Delivery problems include three major “needs”, 
as I see it: 


1. the need to maintain delivery promises 


A safe premise — from the supplier’s viewpoint — 
would be that the overseas buyer wants his materials 
delivered in good time and is not interested in reasons 
why this cannot be done. 

However, it is good to be able to report that in 
recent years there has been a marked improvement 
in the delivery performance of British suppliers. 
Whereas in 1949 we could only expect 10 of 20 orders 
to be delivered on time, in 1958 we can expect 16 
out of 20 to be on time. 


2. the need for short deliveries 


On occasion, the supplier considers quite abnormal 
the potential overseas customer who just cannot 
accept the deliveries he offers. He may urge his 
customers to look further ahead than they are willing 
to do in the assessment of their firm demands. Why 
should they do this if they can get what they want 
elsewhere with shorter deliveries ? 

Perhaps more than half the suppliers’ problems 
arising from cancellations, deferments and modifica- 
tions would not arise if short deliveries were possible. 

The important point is that British suppliers should 
know—and be able to match realistically—deliveries 
quoted by their competitors in other parts of the 
world. 


3. the need to advise customers when delayed 
deliveries are unavoidable 


Most suppliers do not give this service — they 
await expediting action by their customers. Surely it 
must be assumed that all overseas customers are not 
ready and willing — nor even able — to take the sort 
of expediting action we do. 


Should not the nettle be grasped early and firmly 
and this service given to customers ? 


II. Quality and Quality Control 


There is evidence that the standard of British 
workmanship is higher now than it was 20 or even 
10 years ago. Regrettably, all too often the record is 
marred — sometimes by lack of adequate production 
control and inspection by the manufacturer — 
sometimes because of reliance on the skill of one man 
whose absence endangers control. 

To minimise the risk of sending unsatisfactory 
materials overseas the buyer may set on his own 
inspection. Quite wrongly, some suppliers consider 
that this relieves them of their responsibility for en- 
suring good workmanship and sound quality. 

A supplier may himself prefer to set on a 
responsible independent inspection service — eg., 
Lloyd’s — and to incorporate the cost of this in his 
prices. The wider application of this procedure merits 
consideration. 

In America there are such devices as the “ A.P.I. 
Monogram” and in South Africa the mark of the 
South African Bureau of Standards, indicative of 
sound production methods and reasonable assurance 
of good quality products. Here we have tried — with 
admittedly comparatively little success so far — to 
promote a wide use of the Kite Mark. There are 
now, however, some signs of promising developments. 


III. Prices 


Obviously these and the terms of payment must be 
attractive to the overseas buyer — whose ultimate 
yardstick of price comparison is, it should be 
remembered, landed costs. 

Some suppliers in other countries appear to “ play 
tunes” with their prices, depending upon whether 
they want a particular order — usually — but not 
always — associated with the conditions of their 
order books. 

The impact of price-fixing arrangements in Britain 
is not easy to assess, but there are important cases 
where “ring ” prices are quite unattractive compared 
with those of good quality Continental products. 

Perhaps increased attention should be given to the 


cost of spare parts, both ex-works and the “ marked 
up” prices of spares available overseas. It is — or 
should be — an important factor in the buyer’s 


selection of equipment, and it is interesting to note 
the wide variation which occurs if equipment from 
different suppliers is costed from the individual prices 
of its component parts. 
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IV. Packaging and Preservation 


In recent years there has been considerable 
improvement in the “protection” and packaging 
of materials for export. However, some suppliers still 
tend to underestimate the rough handling and 
extreme climatic conditions which packages must 
withstand on so many of their journeys to destinations 
overseas. 


Despite the improvement, we still find it necessary 
to maintain a small advisory unit to tackle this 
problem with our suppliers. 


V. Design 


We have a great deal “on the ball” in inventive 
ability. Our weakness seems to be an unreadiness to 
find out exactly what the user would like to have, 
not only from a purely utilitarian viewpoint but also 
from the viewpoint of appearance and finish. 


Here are six questions — on each of which a book 


could be written : 


(a) Do we tend to start too many hares and bring 
home too few ? 


(b) As a development of this, are there not some 
lines in which a combined attack by a group of 
suppliers might be worthwhile ? An example 
of this might well be found in the field of 
industrial gas turbines. 


(c) Do we not tend at times to design for an 
unnecessarily long life with an associated price 
disadvantage in comparison with our 
competitors ? 


(d) Do we recognise fully that a new development 
—even if based on a simple design — seldom, 
if ever, gets away without its “snags” ? As a 
corollary, do we ensure that such “snags” are 
found and cleared before equipment is sent 
overseas ? 


(e) Do our design people pay adequate attention to 
the products of their competitors —- home and 
overseas — particularly when entering a new 


field ? 


(f) Should we not encourage increased develop- 
ment of “gimmicks” —a fascinating field in 
which the Americans are so outstanding and the 
Australians and Germans are good ? 


VI. Market Research 


In one form or another market research is a con- 
tinuous operation — not essentially a “one timer’, as 
many seem to think. It embraces quality and design 
which are ever liable to change — as well as size of 
potential markets. Regular visits overseas are a “must” 
to determine user “likes” and “preferences’’, to esti- 
mate sales potential and to “size up” the competition. 
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There is a need for increasing numbers of men — 
senior, technical, open-minded and ready to talk at 
all levels and to listen to the users or potential users 
of British equipment and materials. 


VII. Sales Problems 
pre-sales 


Salesmanship — the ability to sell a product which 
the salesman knows will fill the needs of his customers 
so that further sales will almost naturally follow — 
has not been a strong point of British suppliers in 
post-War years. There are, of course, brilliant 
exceptions to this generalisation. 


It is recognised that in a seller’s market, particularly 
with an overall shortage of skilled, experienced men, 
good men tend to be used nearer the production line. 
The comparatively “easy” home market has 
encouraged this. 


The most useful type of salesman is one who is 
familiar not only with the details of his products 
and those of his competitors worldwide, but with the 
specific uses to which the customer intends to put 
them. 

Four brief points : 


(a) The need for timely submission of quotations 
and for intelligent “follow-up” work. 


(b) The need for catalogues and such things as 
service manuals to be clear, informative and 
available in the language of the potential 
customer. 
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The need for advices on modifications in design 
and on new designs and forward planning to be 
given regularly to important customers and to 
potential customers. 
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The help which can be provided by good 
London representation — and the difficulty of 
finding the right men. 


post-sales 

After-sales service at home and abroad is a key- 
stone to success in the export business. The overseas 
representation must be sound and active. 


The handling of complaints on equipment and 
materials supplied from the United Kingdom is now 
a great deal better than it was some years ago. 


VII. Spare Parts Policies 


In early post-War years the production of spare 
parts was the Cinderella of British industry. It 
seemed much more important to sell another engine, 
pump or compressor than to ensure that those already 
sold were not shut down for lack of spares. In recent 
years, the concept of unraidable spares production 
lines has spread widely and service is very much 
better than it was. That is not to say there is no 
room for improvement. 
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“Rationalisation” of designs, for example of diesel 
and petrol engines, has considerably simplified the 
ordering /stocking position of spare parts, but 
wherever suppliers’ representatives are not functioning 
overseas as spares stockists, probably the greatest single 
problem of the overseas user is the stocking of parts. 
The risks of overstocking and obsolescence are great- 
and to some extent well-nigh unavoidable. Perhaps 
increased use should be made of airfreighting 
particularly of insurance spares — and _ suppliers 
should be expected to make this service available to 
the overseas customer. 


IX. Long-Term Factors 


Long-term factors include : 


1. standardisation 


If the imagined ogre of standardisation hampering 
development and improvement of design can be 
expelled from suppliers’ minds and replaced by the 
concept that standardisation, such as we have in 
mind, is a “floor on which to build and not a ceiling”, 
it would be a great step forward for British industry. 


Much is being done, at least to establish common 
essential dimensions, but still how many different 
types of domestic electric plugs, how many types of 
electric items on cars, how many different types of 
valves and cocks there are, to mention but a few. 


The metric v. inch/pounds fight is on and it 
looks as if we here must work in both for years to 
come. 


2. co-ordination / co-operation 

Surely there is room for increased co-operation and 
co-ordination in industry in the interests of our vital 
export business ? Particularly does this seem desirable 
where the cake of demand is just not big enough 
to satisfy profitably the numerous partakers. 


Opportunities for co-ordination of effort do exist 
in greater or lesser degree within the many 
“associations”, but these do not seem to be used to 
anything like full extent. In the design field and in 
the associated research and development work are 
surely opportunities for increased co-operation 
between companies, aimed toward maximum useful 





application of our quite limited resources by reducing 
duplication of effort on some common problems. 


3. overseas developments 

In an ever-growing number of countries, the 
installation of assembly plants, followed by full manu- 
facture, appears to be the only sure way to obtain - 
maintain — or expand — British participation in 
meeting overseas needs for equipment and materials. 
The “snags” are manifold, as for example in India, 
but surely ways and means must be found; if we 
don’t, others will. 


X. Inducements to Export 


Reference was made some time ago in The 
Economist to the “carrot” and to the “stick” as two 
forms of inducement. There is a third form which we 
wish to avoid as the plague — unemployment or fear 
of unemployment. In some way or other we must 
surely produce a really attractive “carrot”. Both 
Government and industry are involved, but some of 
the possible measures would admittedly — be 
“unpopular” politically. 

Shortages of foreign currencies, providing as they 
still do a protective umbrella over large sections of 
industry, can act as an inducement to the develop- 
ment of quality production and good service so that 
competition from overseas may then be confidently 
met regardless of currency controls. 


XI. The Smaller Supplier 


Many of the smaller suppliers are not set up to 
tackle readily the mass of controls, paper-work, pay- 
ment problems, special preservation and packaging 
conditions and so on, unavoidable in the export 
business of today. Surely there is much that can, and 
should, be done to make it possible for many such 
suppliers to share in our export business to a much 
greater extent than they do at present. 


XII. Buyer/Supplier 

Finally, I am quite sure that there is ample 
opportunity for increased collaboration between buyer 
and supplier to allow the problems of each to be 
ventilated and solutions sought which will be helpful 
to both parties and to our efforts to sell in world 
markets. 


3. THE FEDERATION OF BRITISH INDUSTRIES 





Sir John Taylor, K.B.E., C.M.G., Director General, Hispanic and Luso-Brazilian Councils 


M* respect for production engineers dates back 
to the time when I first saw one in action about 
10 years ago. He was on a business trip to the 
Western hemisphere, and in those days the allocation 
of foreign exchange to business men for business trips 
abroad was even more tightly controlled than it is 
today. You had to estimate how long you would stay 
in each country in order to obtain a specific allowance 
for that country. 


This production engineer was in Argentina, and 
negotiations for a big contract were going very well; 
but his supply of local currency was running short. 
So he sent a telegram to the representative of his 
bank in New York and told him to transfer some 
money from his dollar credit for the United States 
to Buenos Aires. That could not be decided on the 
spot. It had to be referred to London, and back 
came the head office in London with a telegram 
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to this production engineer, saying: “Bank of 
England want to know why you want to stay 
another three weeks in Buenos Aires and what you 
are spending your money on?” Very inquisitive, 
wasn’t it! That put this production engineer on his 
mettle and he telegraphed back that he needed the 
extra three weeks to conclude an important contract. 
As to his expenditure, this was mainly on wine, 
women and night clubs; and if confirmation of this 
were required reference could be made to His 
Majesty’s Ambassador (quoting his name), who — he 
said — joined him in those pursuits. Needless to say, 
this ensured immediately a smooth flow in the pro- 
duction line of foreign exchange allocations. Who 
was this paragon of production engineers ? None 
other than General Appleyard ! 


where to sell 


As the Chairman has said, Great Britain is now in 
a better position to do more business overseas, and 
we need an expansion of overseas trade for our own 
economic development. In our discussion on selling 
in world markets the first thing to decide is where we 
want to sell. Are we to go for an expansion to our 
traditional markets, or should we try to enter new 
ones ? Probably both in the case of many exporters. 


At present, roughly half our total exports go to the 
Commonwealth and a quarter to Western Europe. 
But the pattern of trade, both in commodities in 
international trade and in trading partners, is con- 
stantly changing. Anyhow, it is only common sense 
to spread the risk in many markets and to be 
selective. I put it to you as production engineers that 
we should put the emphasis on building markets 
which will be long-term trading partners, rather than 
on ones for immediate sales with no continuing con- 
tact with that market. 


What, then, should we look for in choosing the 
overseas markets which are most worthwhile ? 


Obviously you must have information on the size 
of the market, its purchasing power, its rate of 
development and its needs, whether its economy is 
complementary to ours or competitive. Then I think 
we ought also to give some weight to the general 
climate of opinion. Can the people in that country 
be counted on to be friendly and well disposed, or 
is there any fundamental antagonism in a particular 
area ? 


If we can avoid it, we do not want to be too 
involved in an area where our trade is liable to have 
interruptions, as with the Middle East oil pipe-lines 
today. 


a major market 


I suggest that we should devote more attention 
than we have been able to do recently to one of the 
major world markets — Latin America. At the 
present time, it takes only 5% of our total exports, 
but in 1913 it took nearly double that percentage, 
and it may well reach the same level again and 
exceed it. 
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The population of the 20 independent republics 
which constitute Latin America is around 180 million, 
and the annual rate of growth of the population is 
high. It is estimated that by the end of this century 
Latin America will have more than twice the popula- 
tion of the United States and Canada combined. But, 
of course, unless this increase in population is 
accompanied by a rise in the standard of living 
it is not a measure of the potential market. For 
markets are people with purchasing power, people 
with money to spend. 

Fortunately, the growth of population in Latin 
America is being matched with a proportionately 
bigger increase, both in the gross national product 
and in per capita income. Latin America, in fact, is 
one of the fastest growing markets in the world. Our 
economies are complementary. They are important 
to us as the source of supply of many of our require- 
ments in foodstuffs, industrial materials and oil. We 
are important to them, particularly, as a provider of 
the capital equipment and the “know-how” they 
need for their development. We can both provide 
expanding markets for each other, and 14 of those 
countries are in the dollar account area. The Latin 
American countries all have European traditions and 
are part of our free world. They want closer ties with 
us, and we in this country enjoy their special 
sympathy for the part we played in the achievement 
and maintenance of their independence and for our 
contribution to their progress in the past. 

What, then, are the markets in Latin America ? 
They vary widely. Some countries are very dependent 
on a single commodity to provide the foreign 
exchange to pay for their imports. For example, 
Brazil depends on coffee and Chile on copper. Others 
have a much more diversified foreign economy and 
pattern of foreign trade. Some have balance of pay- 
ments difficulties and restrict remittances abroad and 
imports. In others there are no exchange difficulties. 
So within the area, as in world markets generally, it 
is necessary to be selective. 


consumer and industrial markets 


There are two kinds of markets — consumer and 
industrial markets. Consumer markets consist of 
families, households and individuals who buy for their 
own consumption. Industrial markets consist of 
factories, mines, public utilities, Governments and all 
organisations which buy goods to be used for the 
production of other goods and services. 

In recent years, Latin America has offered an in- 
creasing industrial market, but there is no doubt that 
the new industries in Latin America are providing 
more well-paid employment and creating a new and 
growing urban middle-class market with a demand 
for a new variety of consumer goods. 

There are no hard-and-fast rules to follow in going 
out for the industrial market. Of course, we want 
to keep our own chimneys smoking, but in some 
countries, such as Brazil, which protects its local 
industries by a ban on imports of goods similar to 
those being manufactured locally, you have to 
establish a branch factory or see your exports 
disappear. 
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Another favourite method for getting established 
in industry locally is to sell the “know-how” for 
shares in the local company, or to give technical 
assistance in return for a royalty. There are often 
great advantages in having local partners. 


Naturally, these markets are very competitive. Our 
main competitors are the United States of America 
and Germany. A great deal of the possible business 
in Latin America, particularly in capital goods, is 





on deferred credit terms, and the present tendency is 
for the length of credit demanded to get longer. 
Realistic and competitive credit terms are just as 
important in selling as having the right goods at 
the right price at the right time. And as we have 
now moved from a seller’s to a buyer’s market, our 
exporters need to be in a position to compete 
effectively on credit terms. I have no doubt from the 
recent Government pronouncement that this is now 
well understood in this country. 


4. THE BOARD OF TRADE 





Mr William Hughes, C.B., Under-Secretary, The General Division, Board of Trade 


tt. me, as an outsider, the internecine arguments 
between the production engineers and the sales- 
men, of which Mr. Whittaker gave us a glimpse just 
now, are very fascinating. I think the Government 
cannot begin to help until those arguments have been 
sorted out within the privacy of your own board 
rooms. 


I want to say something about the help that the 
Government can give to those who sell in world 
markets. But I should like first to say a word about 
one form of help that the Government cannot give 
and that, I hope, is not one of the inducements which 
Dr. Hague mentioned. 


We in this country have set our faces against any 
export subsidy or discrimination in favour of exports 
by the manipulation of taxation and other direct or 
indirect methods of subsidising. We have done this, 
not for doctrinaire reasons, but because as one of the 
biggest exporting countries in the world we do not 
believe that it would pay us to add this extra burden 
to our economy. 


We need to earn as much as we can from our 
exports, and we believe world trade will prosper best 
if others take the same view. We have had a good 
deal of success in international organisations such as 
the GATT and the O.E.E.C. in persuading other 
countries to support this way of thinking. 


help for exporters 


But there are many ways in which the Government 
does help exporters to sell, for example, by the 
commercial negotiations which are going on almost 
continuously with Commonwealth and foreign 
Governments, by official participation in overseas 
trade fairs, very often jointly with trade associations, 
and by publicity on commercial subjects through the 
information services overseas. 


These are relatively indirect methods of help, and 
I want to say a few words about two important ways 
in which the Government can provide direct help to 
the British exporter through the services offered by 
the Export Credits Guarantee Department and the 
Export Services Branch of the Board of Trade. 


The Export Credits Guarantee Department — I 
will call it E.C.G.D. — has the function of providing 
insurance for United Kingdom manufacturers and 
merchants against the main risks of financial loss in 
their overseas trade. The Department covers the 
commercial risk, the credit-worthiness of the buyer, 
and the economic or political risks, such things as 
exchange blockages and licensing restrictions suddenly 
imposed. 


E.C.G.D. business has been built up largely through 
covering exports on cash or short-term credit up to 
six months, but an increasing part of its business 
is now concerned with exports sold on longer terms 
— the durables and quasi-capital goods of an 
engineering kind, which are sold on a basis of up to 
three years’ maximum credit, and the real major 
capital goods products where the credit may go up to 
five years from the time of shipment. These are 
becoming increasingly important in the business 
covered by the Department. 


E.C.G.D. does not itself provide finance, but its 
cover plays an important part in bringing forward 
finance. Its normal policies are widely accepted by 
banks as collateral security, and in the capital goods 
field where financing raises the most difficult 
problems, E.C.G.D. can often give a direct guarantee 
to the financing bank in respect of 90°/ of the total 
price. An extension of this last facility, the direct bank 
guarantee, was announced in the budget debate by 
the President of the Board of Trade. 


The terms on which E.C.G.D. will cover business 
are based on a worldwide network of commercial 
informants, who report on the credit-worthiness of 
overseas buyers, and on economic and political reports 
which are received from Her Majesty’s representatives 
all over the world. This forms a system of credit 
management whose cost is shared between over 4,000 


¥.C.G.D. policy holders. 


Although the E.C.G.D. does not aim to make a 
profit, there is no element of subsidy in its services, 
and at the moment it has an underwriting reserve 
of some £13 million. But that represents only about 
3°/, of the current liabilities, so you can see the 
margin is pretty fine. Nevertheless, the Department 
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has been able to reduce the average premium rate 
for short-term business from Ils. 7d. per £100 in 
1950 - 1951 to less than 9s. now, and the total volume 
of their business has multiplied by about 15 times 
since the War. So much for E.C.G.D. 


Export Services Branch 


The other section of the Board of Trade which I 
want to mention is the Export Services Branch, which 
is known as E.S.B. for short, with which are associated 
the commercial diplomatic services in foreign 
countries and the trade commissioner services in 
Commonwealth countries. 


Its main function is to give assistance, usually free, 
to United Kingdom exporters to help them to answer 
some of the questions about markets into which they 
are thinking of going, of the kind which Sir John 
Taylor was speaking about. 


The principal ways in which the Department does 
this are the following. Market information is avail- 
able to anybody on demand. We can produce a great 
deal of information about market prospects and 
business conditions and trading methods in most 
countries. If it is not available in London, special 
enquiries are made through our representatives in the 
countries concerned. Information about _ tariff 
changes, import restrictions and so on is recorded in 
London and our records are kept up to date. We 
can give information on all such matters and on 
quotas, certificates of origin and all the documenta- 
tion which earlier speakers have mentioned, or we 
can find out about it quickly if our records do not 
show what is wanted. 


We can undertake a very useful service, I think, in 
helping British exporters to find suitable agents or 
representatives overseas. The Branch does not pick 
names off lists of potential agents. It gets from the 
United Kingdom exporter a detailed brief which is 
sent out to the commercial representative in_ the 
country in question and this enables him to do a 
tailor-made job. Overseas officers do not make 
recommendations without having personally satisfied 
themselves about the suitability and willingness of 
the agents they nominate. 


Special Register Information Service 

A great part of the Branch’s work consists in passing 
on information received from overseas to people who 
can make the best use of it here. This is done mostly 
through the Special Register Information Service, to 
which about 5,000 firms and trade associations sub- 
scribe. Some 10,000 calls for tender from overseas are 
advertised in this Service each year, and economic 
reports from overseas countries, and short market 
surveys for particular commodities in a large number 
of countries, are prepared and circulated from time 
to time. 








We have recently started a special series in this 
register on the organisation of atomic work and 
openings for atomic nuclear plant and equipment in 
different countries. This has led to a good deal of 
interest on the part of firms in that field. 


There are other ways in which the Branch can 
help. It can advise business visitors who are going 
to territories with which they are not familiar and 
can put them in touch with the commercial officers 
stationed there, who can often enable them to make 
useful business contacts. They can provide com- 
inercial status information about overseas firms and 
obtain samples of overseas goods for the use of British 
manufacturers. 


In addition to the staff of the E.S.B. stationed in 
London, we have officers concerned with exports in 
each of our regional offices. They are always willing 
to call on firms and can often provide the same sort 
of information as can be obtained from headquarters, 
or can get it if they cannot give it themselves. 


These, very briefly, are some of the services the 
Government can offer to the exporter who is out 
to sell in overseas markets. We are anxious that they 
should be more widely known and more fully used. 
I have already mentioned the great increase in the 
business of E.C.G.D., and the number of enquiries 
reaching the E.S.B. has increased substantially in the 
past three or four years. But we are continually 
coming across evidence that exporters and potential 
exporters do not know of the help that is there for 
the asking. 


hard selling ahead 

It must be clear to everyone that selling is going 
to be harder next year than it has been for a long 
time; indeed, I would say than it has been since 
before the War. Perhaps we have cried “ Wolf ! ” 
about this too often, but an ominous feature of the 
present situation is that for the first time since 1953 
world trade has stopped expanding. Not only has the 
rapid expansion of recent years suddenly died away. 
There are some signs that the volume of international 
trade has begun to fall. The implications of this for 
our export trade could be serious. The recession in 
the United States and the present pause in the 
expansion in Western Europe, by restricting the 
domestic outlet for each country’s production, will 
make the struggle for trade in other countries fiercer 
than ever. 


Even when world trade was expanding rapidly our 
own exports were not expanding so fast. Now it will 
be vital for us to see that if world trade for the 
time being tends to contract, our share of it contracts 
less than the whole. We in the Government services 
are ready to do all we can to help and to examine 
quickly and _ sympathetically any constructive 
suggestions for improving the services that we offer. 
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HE Chairman said he was delighted at the information 

given by Mr. Hughes. He had always been under the 
impression that people did not make sufficient use of the 
Government services available to exporters, both in this 
country and more particularly overseas. Many people had 
told him they would not dream of going to the Embassy 
in the country they were visiting. It was his own experience 
that these services were given freely and in the most friendly 
way and were admirable When he went abroad, he always 
called on the Ambassador and the commercial people, giving 
them notice in advance and telling them the kind of people 
he would like to meet. Almost always these people made 
themselves available, frequently over a pleasant luncheon, 
but always in circumstances such that one could get down 
to business with them, knowing they were the right people. 

He asked whether Sir John Taylor could confirm that 
people travelling abroad did not make sufficient use of the 
services available to them. 


Sir John Taylor said that this was quite true, although 
many more people were now making use of them. It was as 
well to write in advance giving some idea of the people it 
was desired to meet. These services could be particularly 
valuable to anyone seeking to enter a market for the 
first time. 


Mr. Hughes said that new exporters who did not know 
the country they wished to export to should get in touch 
with the Regional Export Officer or with the Export 
Services Branch at Lacon House. A message would then be 
passed on to the commercial staff in the capital of the 
country concerned. 

This was not a burden: it was something they wanted to 
encourage to help business people to export to other 
countries. 


The Chairman said that one had no impression at all 
that one was involved with a Government Department. He 
thought any objection was psychological more than anything 
else. 

He would like to ask a question about consumer goods 
or engineering goods that were normally bought by indi- 
viduals or small producers like farmers, In many countries 
where there was a large native population with a fair 
amount of money, it was no good advertising in the press 
because people could not always read very well. They had 
to be shown the goods concerned. This might involve sending 
goods to an agent on consignment so that they could appear 
in the shops or warehouses where people coming to town 
from the country could see them, touch them and ask 
questions about how they worked. 

Would any member of the Forum care to confirm that 
line of reasoning or otherwise ? 


Sir John Taylor said he was in entire agreement and as 
an extension, a travelling caravan might go out to different 
districts showing what was for sale. 


Mr. Whittaker said one would like to go personally to 
every consumer, demonstrate the article and show exactly 
what it would do, but the distances were too great. 

With many consumer goods it was not much good 
putting things in the shops or even running exhibitions. One 
had to get people to come to see them, and this was exactly 
what advertising did. Advertising was necessary in many 
cases in order to persuade the potential customer that he 
wanted the goods. Unless he wanted them he would not 
be strongly tempted to go to see them, and there would be 
no opportunity of demonstrating them and convincing him 
of their usefulness. 


DISCUSSION 


In reply to the Chairman, who asked his opinion on 
elaborate packaging, Mr. Whittaker said that this was 
important. There were cases where the design of the 
packaging had made all the difference to successful big 
business. There was, however, a big problem here, because 
the sort of package design ‘that appealed to the British 
might not appeal to the Fijian or the Nigerian, whose ideas 
of colour and form were entirely different. In many cases, 
both the package and the article were extremely important. 


Dr. Hague said he agreed with the idea of going round 
and showing what one had. As an alternative, in the United 
States and Canada — in remote areas — a good deal of 
use was made of the Sears Roebuck type of operation for 
the small purchaser. As far as he was aware, not enough 
was done in the U.K. on similar lines. If equipment and 
materials were well illustrated in catalogues circulated, 
people were inclined to use the mail order procedure 
extensively. 


The Chairman said he was interested in the suggestion 
that there was a tendency to design articles for too long a 
life. It sometimes worked the other way. He remembered 
being told by a former President of Nicaragua that a new 
turbine from England was to be put in during the following 
week. He had had equipment from England which had 
worked without trouble for 25 years and he said he could 
not buy a piece of equipment like that from any other 
country in the world. He had placed an order that very 
morning for 14 Land Rovers. 


Dr. Hague agreed that in many instances design for 
a long life was desirable, but on occasion this was not 
necessarily so. In some instances, business was being lost 
to Continental suppliers because standards here were such 
that this country could not compete on a price basis. 


A member of the audience said he had recently returned 
from America, Canada and other countries and he had had 
wonderful co-operation from the Department of the Board 
of Trade concerned. He had been able to obtain some very 
good contracts. Only that morning he had come back from 
Holland and the information given to the meeting would be 
very useful. What he was really interested in was the export 
to Russia of piano actions. 


Mr. Hughes said he would be surprised if there were 
any obstacle on this side to selling piano actions to Russia, 
but he could well believe that the Russians were not very 
keen to buy them. It seemed to be a job of salesmanship 
in this case. 


Dr. Hague said it was his experience that the Russians 
were very astute bargainers. However, once they finalised 
a contract they kept to it and they expected the other side 
also to keep to it very strictly. 


The Chairman said he could confirm that the letter of 
the agreement mattered more to them than the spirit. Once 
it was signed, one was expected to deliver precisely as one 
had agreed and one was paid on the nail. There were no 
difficulties at all. If the speaker was concerned to know 
the general situation vis-a-vis this country and Russia, 
the Chairman thought the normal approach was to the 
Commercial Department of the Russian Embassy. Some 
people had sent their catalogues, descriptions and so forth, 
in English naturally, to the Soviet Embassy and heard 
nothing more. Others had had communications and 
ultimately enquiries, and in some cases orders. 

In general, he thought there was a tendency for the 
Russians to buy a little more from the U.K., and there was, 
of course, a general tendency in Russia to increase the 
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supply of consumer goods. There was some evidence that 
they were purchasing more consumer goods abroad. This 
tendency might or might not grow. It depended entirely, 
he thought, upon the general political difficulties in Russia. 


In reply to a further question as to whether help could 
be sought from the Department of the Board of Tradc, 
in the same way as with other countries, Mr. Hughes 
said that it certainly could. 


In reply to an enquiry as to whether the embargo on 
the export of highly technical equipment was _ not 
encouraging the Russians to proceed on their own lines 
rather faster than they would otherwise have done, 
Mr. Hughes said that this question was being examined 
in Paris at the moment, by the body on which we discussed 
with other Western countries what the embargo list was to 
be. One could only await the outcome of the talks. 


Another member of the audience said he would like to 
take Mr. Hughes up on the assistance given by the E.C.G.D., 
particularly on deferred credit terms. His company made 
capital goods, and they had been offered a number of 
contracts abroad; but they could not accept them because 
they were unable to get cover from the E.C.G.D. 

To g.ve an example, the Indian Government required that 
payment for capital goods should be spread over five to 
seven years. The E.C.G.D. did not seem to be interested 
in anything less than half a million pounds, whereas his 
company were interested in £20,000 to £200,000, and they 
would not grant cover for anything like five years. 

The same thing applied to Brazil. 

The E.C.G.D. said “ Sorry, the longest we can give is 
two years”, and this was not very helpful. He wondered 
whether there was any chance of their attitude changing. 
He was under the impression that they only wanted to cover 
risks that were not very great and in several cases where 
there was an element of risk they were not very keen to 
help. 

He believed that India would pull through and it was 
very unfortunate to have to turn down what must be quite a 
number of applications for capital goods because of the 
attitude of the E.C.G.D. 


The Chairman said he was afraid Brazil was one of the 
E.C.G.D.’s bad bets. They really got it in the neck in Brazil 
and he recollected that at one time Brazil was barred 
because she was so much in debt to the U.K. 

The question was one which he could not answer, and he 
doubted whether Mr. Hughes could answer it either. 


Mr. Hughes said it must be remember first of all that 
E.C.G.D. was not subsidised, It did not make a profit, but 
it must not make a loss. It had to take a commercial view: 
whether a particular transaction was a good risk, and 
on what terms was something the man running the show 
must judge. Advice was given by an Advisory Council 
composed of very experienced people in the City. 

Secondly, and this probably applied to the question about 
India, it was the general understanding among _ export 
credit institutions that they should not give a guarantee for 
longer than five years. It would not be in the interest of 
this country or other countries for credit to get longer 
and longer. If that happened, those with the longest credit 
resources would win in the end, and he rather doubted 
whether this country would be among them. 


The Chairman asked whether one of the troubles was not 
that the Export-Import Bank gave five years ? 


Mr. Hughes said he believed it did two types of business 
real long-term credit running up to 20 years, and 
something comparable with the E.C.G.D. period. He under- 
stood they did not usually go beyond five years except in a 
few special cases, such as the very big jet aircraft. 


Mr. Whittaker said his company was not in capital goods 
and they did not have to finance 200 or a million pounds 
for five to seven years. But they had very comfortably for a 
number of years carried their own risk. 
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Mr. W. F. S. Woodford (Secretary of the Institution) 
said he thought more attention should be devoted to 
embargoes on so-called strategic materials, With a number 
of production engineers he had just visited Poland and 
they had seen in Polish factories German machines which 
were known to be on the embargo list. The comment had 
been made: “ The trouble with you British is you’re far too 
honest ” 


Another speaker said the same thing happened in France, 
where there were certain instruments that were not allowed 
to be exported from this country. Something must be done 
about this and the Government Department concerned was 
notified of such cases, but it was as well to mention them 
at the present Conference so that people knew what was 
happening. Frankly, he thought the biggest reason why this 
country was in its present trading position was the political 
risk. There were far too many politicians at the moment 
and not enough statesmen. 


Mr. Hughes said statements of this kind had been made 
on a number of occasions and although he was not directly 
concerned with the embargo list, he understood that they 
had not been substantiated. Obviously, the Eastern bloc 
countries would have a motive for spreading stories about 
German machine tools. If there were first-hand facts his 
Department would be very interested to have them. 


A comment was made that in his interesting talk Mr. 
Whittaker had not stressed the great need for the salesman 
to know all sides of the problem. He must not only have 
the team spirit; he must have a wide knowledge of the 
articles he was going to sell so as to be able to discuss them 
with the customer. He must also know a great deal about 
the state of world markets and requirements. 

There was another point. Surely engineers and people 
with experience did not just give the customer what he 
asked for. They had something to offer to the world, and 
people going abroad had an opportunity to educate the 
customer to want something better. It would pay him in 
the long run to have a better article and this country 
was noted for the high quality of its products. 


The Chairman said there was a difference between 
consumer goods and heavier goods. In consumer markets the 
consumer wanted what he or she wanted, and that was 
what he had to be given. In engineering, on the other hand, 
there might be advanced products he knew nothing about. 


Mr. Whittaker said it was, of course, axiomatic that one 
tried to sell what one wanted the consumer to have, but 
one had sometimes to make a choice between having a 
factory working on goods that the consumer would buy, 
as compared with having a factory doing nothing while one 
tried to persuade the customer he ought to have what one 
could make. It was a question of adjustment and doing 
the commonsense thing at the right time, using persuasion 
whether for consumer or other goods at some point if one 
felt an article was an improvement on what the customer 
had hitherto known and used or was accustomed to. But 
there came a time sometimes when with specialised goods 
one had to bow to the customer, 

It was axiomatic again that the salesman should have 
full information. Anybody who tried to sell anything without 
knowing practically all there was to know about it was 

wasting his time. He would never do any good. 


Dr. Hague said it must be remembered that in Latin- 
American countries whether one liked it or not — 
British goods would have to stand comparison with American 
products. The packaging, presentation and after-sales service 
given by the American companies to the oil industry, for 
example, Venezuela, Colombia, Brazil, Argentina, was 
good. There must be developments, but the basic problem 
in his own industry, the oil industry, was cost. Bearing this 
in mind, it was important that new products and develop- 
ments should be tried out and “snags” corrected before 
they were offered for service in South American countries. 
He realised that there was a vicious circle element about this, 
but sound commonsense supported this concept. 























it was agreed, by the original speaker, that this was a 
very important point. The salesman should know his product 
thoroughly and many firms insisted on this though others 
did not. Spares should be available. Deliveries should be 
prompt. Representatives going abroad should be practical 
people as well as business people. They should get on the 
floor of the shop before going abroad to make sure that 
they knew all there was to be known about the product. 
This was what he called co-ordination of production with 
sales, 


Dr. Hague said there were two comments he might make. 
On one occasion there was an engine on which they wanted 
to standardise, but eventually it had to be ruled out 
because the manufacturer could not offer a reasonable spare 
parts service, and quoted two years for orders for spares. 
Manufacturers should bear in mind that the only way to 
ensure continuous operation of such equipment was for the 
customer to hold large and uneconomic stocks of spares. 

A point that was sometimes overlooked by British suppliers 
was that something that worked well in a temperate climate 
did not work at all well in the tropics. This constituted 
quite a problem with many pieces of equipment. 


Another member of the audience said he had been told 
that the Canadians were encouraging an increase in exports 
from this country, but one serious difficulty that was putting 
off a lot of small manufacturers of electrical equipment was 

Janadian standards. Not only was it a lengthy business but 

one was expected, as it were, to sign a blank cheque for 
a completely unknown amount to get one’s material 
approved. Many small firms really could not undertake the 
risk. 

He would like to emphasise this, because his own 
company had a very heavy bill, before they built up a 
market for a new model, that they had to meet on the 
nail. 

There was also a very urgent need to speed up the 
B.S.I. handling committee over here. The B.S.I. were 
very understaffed and it was difficult to get anything done 
quickly. 


The Chairman said that the question of Canadian 
standards and — indeed — electrical standards in America 
was always with them. There was nothing one could do 
about it except put up with it. Was speeding up necessary 
at the Canadian end or at this end ? 


The speaker said he thought it was necessary at the 
Canadian end in the laboratories in Toronto, but there 
was a need for bigger capacity for handling in the first 
place at this end. He would like it put forward as an 
urgent matter, Many electrical firms would like pressure 
brought to bear. 


The Chairman said he was in a position to bring a lot 
of pressure to bear in anything of that nature that affected 
British trade. 

An attempt might at least be made to speed up the 
process. He thought something could be done to iron out 
the difficulties and the snags. There was a new spirit abroad 
both in the High Commissioner’s office in London and in 
Ottawa to try to get things done, and he happened to 
have his finger right in the middle of it. 


The President of the Institution (Lord Halsbury) said he 
would like to hear the views of the panel on a question 
touched upon by Dr. Hague. 

Britain was exporting in competition with other countries. 
If a British exporter could not break into a new market 
without first studying that market as recommended by Sir 
John Taylor, nor could his opposite number in Germany 
who wanted to do the same. 

If he had to provide certain spare parts for his sales 
service and maintenance, as recommended by Dr. Hague, 
so must his Japanese competitor provide them. 


If some of the difficulties referred to by Mr. Whittaker 
were experienced, it must be because the salesman and the 
production engineer were pulling in opposite directions. The 
salesman was trying to diversify the product as much as 
possible, because it was then easier to sell. The production 
engineer was trying to standardise as much as possible, 
because it was then easier to make. They could not both 
have their way. They must fix on some optimum com- 
promise, The nature of that compromise would not be 
different because their mother tongue happened to be 
French or Italian rather than English. 

Mr, Hughes had referred to the commercial policy of the 
E.C.G.D. Whatever public body supported the German cr 
Japanese exporter with credits, if the E.C.G.D. did not think 
a particular customer was a good bet for six years’ credit 
neither would the body on the other side of the sea, 
wherever it might be. These considerations were of universal 
application. 

If there were difficulties for this country, there were 
difficulties for everyone else. The other chap had _his 
difficulties too. Why were ours supposed to be different ? 

To some extent, the very fact of holding a Forum such as 
this implied some dissatisfaction with the way exporters 
were doing their job. They were obviously not doing it very 
badly because this country was the world’s largest exporter, 
as it had always been. It seemed strange for a country that 
had been the world’s largest exporter for so long that these 
matters were not to some extent intuitively obvious. Was 
the panel satisfied that the average exporter was maintaining 
as high a standard of skill and technique in export as he 
ought to be, in comparison with his competitors ? 


Dr. Hague said that, looking back over the post-War 
years, his own basic reaction was that an easy home market 
in the U.K. had enabled suppliers to fill their order books 
with comparative ease. Why, therefore, should British 
suppliers make special efforts to sell overseas ? There was, 
in fact, in many cases no great inducement to cultivate 
export markets unless and until order books could no longer 
be filled. This, he admitted, was an over-simplification of 
the problem. 


Mr. Whittaker said that while the U.K. had for long 
been the greatest exporter nation, other people had gone a 
long way towards catching up. The comparison should, he 
thought, be made not between the largest organisations, 
but between the medium and smaller organisations. It was 
his own feeling that competing countries had improved 
their standards of production and selling and technique 
generally, whereas this country had not improved to the 
same degree. Therefore, the gap between them had narrowed. 


The Chairman said the question was whether exporters 
were doing as well as they could. 


Sir John Taylor said the spirit of enterprise was still 
with this country. Who would have thought it possible to 
sell half-a-million oil stoves to the Persian Gulf ? This 
was what an enterprising salesman had done last year. It 
was very cold after sundown for three months of the year 
and he would not be at all surprised if some enterprising 
woollen merchant found a market there for woollens. 


The Chairman commented that by and large, looking at 
industry as a whole, this country was putting forward the 
best effort that was possible. The members of the Forum 
agreed. 


The President (Lord Halsbury) said he quite appreciated 
that people with a steady home market might not wish to 
expand into the export market. But there was surely a 
difference between a positive wish not to export to a 
particular market and exporting to it in a slapdash way 
in the opposite case. If one entered a market to sell some- 
thing, one would have to give the best possible type of 
sales service. It was quite another matter if for policy 
reasons one decided not to go into that market. 

(continued on page 643) 
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I. Introduction 


UTOMATIC control and operation of metal 

cutting machine tools is not new and was in 
use long before the term “automation” had been 
created. 
rotating the work spindles of lathes, drilling and 
milling machines, when mechanically-driven feed 
movements replaced hand operation, in other words, 
as soon as the power requirements and the opera- 
tional steadiness and consistency of cutting and feed 
motions were not left to the manual control of the 
operator, these “‘mechanisations” represented the 
first steps of “automation” in the field of machine 
tools. 

This did not mean, however, that the services of 
an operator were no longer required during the 
actual working of the machine. As the brain 
which had to control the available power the operator 
still had to set, start and stop the various mechanisms 
which carried out the required operations. 

Complete automation, i.e. elimination of the need 
for the presence of an operator, once the machine 
had been started, was achieved by the introduction 
of cams and trip dogs in automatic lathes. These 
produce batches of complete work-pieces in a pre- 
determined sequence of different operations with a 
variety of cutting tools until the material supply is 
exhausted. The cams or trip dogs operate the 
feeding and clamping of the work-piece material, the 
starting, stopping and reversing of the main spindle 
(at different speeds, if necessary) the moving into 
position of the tools required for each operation 
and the appropriate slow or fast feed movements of 
the tool slides. 
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When the power drive was introduced for 


For each operational step of these machines a 
specific tool (or set of tools) appropriately set for 
the required depth of cut, has to be brought into its 
working position, and by means of a corresponding 
cam the length and the rate of traverse are 
determined. 

Apart from the power of the spindle drive, the 
cutting capacity depends upon the strength of the 
cams and the lever gears transmitting the feed drive 
to the tool slides, and these same feed actuating 
mechanisms may also have to determine the dimen- 
sional accuracy with which each operation can be 
carried out. 

The principle, in which driving power and dimen- 
sional determination of working strokes are assigned 
to the same machine elements, has been abandoned 
in many high precision machine tools such as jig 
borers. It is also avoided in machines in which 
trip dogs directly attached to moving tables or slides 
actuate clutches, thus controlling the movements in 
accordance with the required position of the driven 
and not the driving parts. For example, in milling 
machines a degree of automation is obtained through 
cams or trip dogs controlling a sequence of feeding, 
quick traversing, reversing and stopping, once the 
operator has started the machine. The design of 
template controlled following devices may _ be 
considered a development of the trip dog idea, with 
a single purpose trip dog of infinitely variable profile. 


The outstanding feature of the automatic machines 
previously mentioned is the fact that, once set up, 
they can carry out singly or repeat over and over again 
the same sequence of operational movements. They 
are, in fact, universal machines which, through the 











provision and setting of stops, tools, fixtures and 
specially designed cams become single purpose 
machine tools. Like such machines they are, for 
economy if for no other reasons, suitable mainly for 
the production of large quantities of identical work- 
pieces, the quality of which depends on : 


1. the accuracy to which the machine has been 
manufactured ; 


2. the degree and consistency of the working 
accuracy of the machine, i.e. the strength, 
rigidity and resistance to mechanical wear of 
the operating mechanisms and tools; 


3. the standard of care and precision applied by 
the operator when setting up the machine. 


The rate of output of these machines depends on : 


1. the operational forces which can be handled by 
the various elements without excessive deforma- 
tion and wear; 


2. the working speeds and power capacity; 


3. the time required to control the different 
operations. 


Recent developments have produced hydraulic, 
pneumatic, and electrical devices capable of con- 
trolling machining operations by translating instruc- 
tions and results of independent measuring operations 
into control impulses for adjusting and driving 
mechanisms. The application of such devices 
permits the production of complex shapes and profiles 
which were previously obtainable only by means of 
hand-made templates or cams. As the expression 
and transmission of instructions can be achieved by 
electronic means with greater accuracy, speed and 


economy than is possible mechanically or manually 
and in machine tools of orthodox design, a com- 
pletely fresh approach to the principles of machine 
tool design is necessary. In order to appreciate the 
problems involved, it may be pertinent at this 
juncture to review the general requirements for the 
design of machine tools both for manual and auto- 
matic operations. 


II. Design Requirements for Machine Tools 


Metal cutting machine tools have to produce, by 
chip removal, work-pieces of specified shapes and 
sizes. In order to carry out this work economically, 
competitively and within prescribed limits of 
dimensional accuracy and surface quality, they must 
satisfy the following requirements :- 


(a) performance 


1. Quantitative : The volume of metal removed per 
unit time must be large. This aspect of productivity 
of a machine tool must be judged, of course, with 
discretion. Over 30 years ago, Schlesinger drew 
attention to the fact that “the weight of chips is less 
important than the number of work-pieces produced 
by a machine tool in a given time. Machine tools 
are usually not designed and built for use in chip 
factories, but for use in engineering workshops”. 
Frequently, however, the volume of metal removed 
per unit time greatly influences the possible output 
of work-pieces, especially in the case of roughing 
operations. A machine tool must be designed, 
therefore, to make full use of the tools and tool 
materials available for high speed cutting conditions. 
This implies that suitable speeds and feeds are pro- 
vided, that the machine structure and the devices 
for locating and clamping tools and workpieces have 
the stiffness and rigidity necessary to cope with the 
large operational forces and the conditions of their 
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application, and that the elements of drives, gears, 
bearings, etc. are designed for the transmission of 
the power required. in addition, the provision of 
auxiliary devices for cooling and swarf removal is 
important. 


2. Qualitative: ‘The specified accuracy of shape 
and dimensions of the workpiece as well as the 
required quality of surface finish must be obtained 
consistently. 

The quality of machining may be influenced by 
factors other than the machine tool itself. Examples 
are the cutting tools (type and material, rake angles, 
roughness of the cutting faces), the rigidity and 
strength of tool holders (boring bar, milling arbor), 
the machinability and rigidity of the work-piece itself, 
the strength and stiffness of clamping devices, the 
selected settings (cutting speed, depth of cut, and 
feed rate) and any changes in the operational con- 
ditions which may occur during the progress of the 
work (wear and crater formation at the cutting edge, 
temperature changes in the cutting zone, etc.). Here 
again provision for obtaining optimum conditions 
must be made in the design of the machine. 

The shape and size of the finished workpiece 
depends only on its track in relation to the cutting 
edge, and this is determined primarily by the 
instantaneous positions of the parts which carry the 
workpiece and the cutting tool. As long as the 
machine is not actually working, errors in these 
positions depend on fits and alignments, i.e. on the 
quality to which the machine tool has been 
manufactured. As soon as the machine begins to 
work, however, functional errors in the control 
devices as well as deformations and displacements 
under the cutting and driving forces make the 
influence of the design, strength, stiffness and freedom 
from vibration of the operative parts, a decisive 
factor. 


(b) operation 


1. Preparation of the machine for each particular 
job (setting-up): Ease in the correct and fool-proof 
adjustment of the machine settings, and rapidity in 
the setting-up of fixtures and in the setting and 
replacement of cutting tools reduce the times during 
which the machine is not actually in production. 


2. Manual control of the machine: The better the 
reach and accessibility of control devices and the 
easier and lighter the efforts required for carrying out 
control operations the shorter will be the auxiliary 
(non-productive) times prior to, between and after 
cutting operations. These non-productive operations 
preceding or following each cut and — on machines 
with manual control carried out by the operator 
are : 


1. setting, clamping, unclamping and removing 
the workpiece; 


2. bringing the tool in position for each cut; 
selection of correct speed and feed; 


approach of tool into cutting position; 











3. engagement of mechanical movements; 


6. stopping of mechanical movements; 


7. measuring and — if necessary — repeating 
operation until the correct dimensions of the 
workpiece are obtained. 


3. Automatic control of the machine: The cutting 
speed and power of each operation need not 
necessarily differ in the case of manually and auto- 
matically controlled machines. In an automatic 
machine it is possible, however, to control several 
operations simultaneously, and the total power 
requirements may, therefore, be higher. Moreover, 
the output of automatic machines is greatly increased 
by the reduction of the before-mentioned non- 
productive times between actual cutting operations. 


(c) maintenance 


Loss of productive capacity may occur through 
need for repair or general maintenance. The pro- 
vision of easy adjustments and replacements and, 
last but not least, the prevention of wear or damage 
will enable maintenance to be planned instead of 
repairs by default becoming necessary. 

The greater the productive capacity of the machine 
the more important becomes the question of 
maintenance. 


III. Application of Electronics 


In the cam-operated automatic machine, the 
purely manual actions of the operator are taken 
over by mechanical devices in a_ predetermined 
sequence and irrespective of their actual effect on 
the operation in question. If, for example, due to 
some mechanical mishap a clutch operating lever 
failed to engage the drive for a mechanical move- 
ment, the cam actuating the following operation 
might still carry out its job irrespective of the fact 
that the previous operation had not taken place. 
In other words, the supervision and checking, i.e. 
the brain work, if and when required, would still 
have to be carried out by the operator. 

Much has been talked about so-called “ electronic 
brains”, but these machines can do their work only 
after all the necessary information has been supplied 
to them in the correct form, whilst of course, the 
human brain is able to collect this information and 
to convert it, if necessary, prior to commencing its 
work. 

The information necessary for a machining opera- 
tion is usually supplied by means of a drawing or a 
planning card, and, once this is available and 
translated into suitable form, electronic devices can 
be used to initiate or duplicate practically all the 
work otherwise done by a manual operator. This 
includes the checking and measuring of movements 
and the correction, before proceeding to the following 
operation, of errors which may have occurred. The 
exception would be unforeseeable complete break- 
down; in this case, however, the machine could still 
be switched off automatically. 
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Moreover, electronic devices can employ the 
equivalent of more than two eyes, two hands and 
one brain, and their working speed is not limited by 
the inertia of moving masses encountered in cam 
operation. They can work faster, therefore, and 
carry Out more operations simultaneously than can 
he achieved by a human operator or by cam control. 
In addition, high precision measuring devices, optical, 
pneumatic or electronic, can be coupled to electronic 
equipment. The accuracy of measuring and control 
goes, therefore, well beyond that hitherto commer- 
cially obtainable in automatic machine tools and 
thus opens the way to manufacture for truly non- 
selective assembly. 

The simultaneous execution of several operations 
producing a higher total of cutting forces in action 
at any time and the greater operational speeds result 
in a higher rate of metal removal and in increased 
productivity. 


From the foregoing remarks it will be appreciated 
that the following points need special consideration :- 


1. Operational forces and speeds determine the 
power requirements of the machine. The 
higher these power values, the more important 
become the problems of providing the 
necessary power and at the same time 
preventing power wastage which may be caused 
either by the provision of unnecessarily large 
power units or by excessive power losses in the 
machine. Power losses must, therefore, be 
reduced and power requirements more 
accurately determined than has been the case 
in orthodox design practice. 


2. Measuring and _ positioning devices should 
preferably refer to the cutting edge and the 
workpiece and not to the tool slide and the 
work table. Otherwise inaccuracies of slide- 
ways, spindles, etc. will escape detection and 
jeopardise the quality of the workpiece. 

However, it may often be found impractic- 
able if not impossible, to measure directly on 
the tool or workpiece. In such cases, special 
precautions must be taken for producing the 
machine to an accuracy equal or superior to that 
of the measuring devices or, alternatively, to 
correct to within the required limits the results 
of unavoidable machine inaccuracies if and 
when they arise. Tool wear can be measured 
or the tool can be reground to a specified size 
at regular intervals. At the same time the 
machine settings and controls must be, of 
course, suitably adjusted. 


3. The automatic control of the machine tool 
involves not only the mere transmission of the 
necessary operating instructions but also a 
continued comparison with the _ results 
obtained. The need for continuously applying 
corrective action necessitates the use of 
feed back control devices, i.e. servo-mechanisms. 
The purpose of such — servo-mechanisms, 
which control the various operations, drives 
and movements, is, therefore, to position 


the various parts in such a manner as 
to keep the differences between the input 
information (theoretically required position) 
and the output of the measuring devices (actual 
position) within prescribed limits. In the case 
of pure positioning operations, as found, for 
instance, in jig boring machines, the time at 
which table and saddle reach their required 
positions is not critical, as long as each part is 
in position and clamped before the tool starts 
cutting. 

In profiling and similar machines the instantaneous 
relative positions of the parts, which move while 
cutting is in progress, must continuously remain 
correct. This is not a question of just controlling 
the velocities of the various moving parts; in fact, 
errors in velocity or acceleration as such are only 
important as far as they affect the relative positions 
of the moving parts which have to be within the 
permissible limits at any moment of the operation. 
The closing of the loop between position measure- 
ment and control input must be such, therefore, as 
to provide rapid action on the part of the control 
devices, and it may be necessary to establish limits 
for the demanded accelerations. 


If all conditions during machining operations, such 
as the inaccuracy of the machine, the time lag of the 
drive mechanism, the cutting resistances at any 
moment, etc., were predictable, accuracy of the final 
product could still be obtained by proper calibration 
and corresponding adjustments of the input data to 
correct the errors. Some of these calibrations would 
have to be repeated, however, for each particular 
job, and, moreover, practical conditions are likely 
to change, thus altering the parameters of the 
calibration. 


No relaxation of the stringent conditions in design 
and manufacture is, therefore, possible, and the 
nature, order, stiffness, frequency response and 
stability margin of the servo-mechanism must be 
such as to produce high speed, high precision 
inachining operations. 


These problems are, in matter as well as in 
degree, so different from those hitherto encountered 
and solved often purely empirically by machine tool 
designers, that a more fundamental approach is 
essential, which tackles the job almost from first 
principles. This applies to methods, layouts, shapes, 
sizes and proportions. Calculations rather than 
estimates are often necessary, and in order to start 
such calculations a considerable amount of new 
information must be made available. 


This means a combined operation between scientist 
and designer and the use of methods which would 
have appeared out of place in an industrial work- 
shop not many years ago. This co-operation 
represents more than just applied research. It is 
research into design problems, the results of which 
are immediately tried out on design development, 
thus closing, as it were, the loop of the exercise. 
Work thus undertaken may well be frowned upon at 
first by both practical designers and academic re- 
search workers, the former claiming that their sound 
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Machine Weight 

Table Weight 

Column Weight 
Vertical Saddle Weight 
Head Slide Weight ... * ot 
Table Size... ash we vee 28 ft. < 8 ft. 


50 tons (total) 

26 tons 

84 tons (on X Slide) 
1 ton (on Y Slide) 

4 ton (on Z Slide) 


Traverse Speed (cutting) Fast traverse 
xX oy 25 ft. 0 - 120 in./min. 150 in./min. 
Y i 7 ft. 0 - 120 in./min. 150 in./min. 
rf e 12 in. 0- 60 in./min. 75 in./min 
Drive Thrust on X 8,600 lb. 
Drive Thrust on Y 4,000 lb. 
Drive Thrust on Z 1,000 Ib. 


Cutting Head on Machine: 
Speed — 6,000 r.p.m. from 100 cycles/secs. supply. 
D.C. injection braking stops in a few seconds. 


Slideways : 
Slide friction with test load of 9 tons. No static friction. 
Friction is purely viscous and varies with speed. 


Diffraction Grating Equipment: 
Gratings on all axes are 500 lines per in., which, with 
.001 in, 


2 pulses per line, gives 1 pulse = 
Z gratings are in one piece. 


Fig. 1. 
Three-dimensional high speed 
contour milling machine. 
(The Fairey Aviation Co. Ltd., 
Stockport. ) 


X and Y gratings are in 10 in. lengths, held at one point 
in centre of length, so that with temperature variations the 
glass moves with the casting. The small movement between 
adjoining gratings over this 10 in. length is too small to 
affect the signal. Gratings accuracy is + .0005 in. per 10 in. 

not accumulative. 


Gear Boxes: 

On X and Y are double trains with spur and _ helical 
gears with two rack pmions. 

The anti-backlash preload system loads the two rack 
pinions against the rack in opposite directions. 

Moving in one direction, one gear train and one rack 
pinion transmit the drive power, absorbing the preload, but 
always leaving a residual load on the other train which is 
actually backdriven by the rack. At maximum power input 
this residual load on the non-driving train is 10% of full 
input. With no input load, the preload is equally shared 
between the two trains. 

The Z gearbox is a standard Ferranti double train box 
with a modified input to suit the hydraulic motor. The drive 
is to a 4in, pitch recirculating ball leadscrew with double 
nut preload to 1,200 lb. 

Gearboxes have all been designed for low inertia and high 
stiffness. 

Oil lubrication on X. Mist lubrication on Y and Z. 

Hydraulic system pressure 2,000 p.s.i. approx. 

Balance cylinder pressure 1,000 p.s.i. 





experience does not need academic assistance and 
the latter objecting to research which is not purely 
looking for absolute truth, but which judges its value 
from the point of view of its immediate applicability 
to the solutions of practical industrial problems. 
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These opinions may, of course, be reversed if such 
work will provide the designer with material 
unobtainable from his experience and obtained by 
means of a sound scientific approach to and execu- 
tion of the work in question, 
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In order to gain the full benefit from work of 
this kind it is essential to tackle it simultaneously 
from the mechanical and the electrical engineering 
angle. At present it is often found that a company 
of electronic engineers supplies standard equipment 
to be used in conjunction with more or less standard 
machine tools manufactured by another company. 
Combined simultaneous efforts of a team consisting 
of mechanical engineers experienced in machine tool 
development, and electrical engineers -specialising in 
the development of electronic equipment, will result 
not only in each side appreciating and trying to 
satisfy the needs of the other side, but also in a cross- 
fertilisation of ideas which will be beneficial to every- 
body concerned. 

In an industrial application such teamwork has 
produced the machine (Fig. 1) which incorporates 
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the most advanced design principles and ideas in the 
field of electronically controlled machine tools. A 
research project dealing with the fundamental 
development of design elements for electronically 
controlled machine tools is at present in progress at 
The Manchester College of Science and Technology 
and is sponsored by the National Research Develop- 
ment Corporation. 


IV. Machine tool design 
(a) forces and power requirements 


Numerous investigations and researches have been 
carried out to study the mechanism of metal cutting, 
and some information has been published concerning 
the recommended speeds and the resistances en- 
countered in cutting various types of materials under 
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Fig. 2. Nomogram for the determination of working capacity 
and power requirements during turning operations. 
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Fig. 3. Nomogram for the determination of working capacity 
and power requirements during slab milling operations with 
helical cutters. 
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different operational conditions. The variety of 


materials and operations which have to be dealt with 
by many machine tools often result in contradictory 
design requirements, so that in many cases com- 
promise solutions have to be found. The necessary 
calculations, although not difficult, may become 
rather cumbersome, and graphical aids, e.g. nomo- 
grams, may help in speeding up the work. 

Although nomograms are usually less accurate than 
exact calculations, they not only show the actual 
results of calculations concerning particular working 
conditions. but also give a clear picture of the trend 
of results obtainable by modifying some of these 
conditions. 

Nomograms which can be used either for deter- 
mining design data from working specifications or 
for judging the conditions under which a machine 
tool of a given design can be operated most efficiently. 
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were developed by Hucks!, Kienzle and Victor 2, 
Schlesinger 4+, and others. Some of these are rather 
involved, and suggestions are therefore made for 
nomograms dealing with the lathe (Fig. 2) and the 
horizontal milling machine (Fig. 3), which may cover 
the subject sufficiently without being — over- 
complicated. 


The use of log-log systems results in the various 
relationships appearing as straight line functions, and 
the employment of preferred numbers (geometrical 
progression) for the parameters gives equal distances 
between the ordinate lines. 


dt is not proposed to dwell extensively on explana- 
tions for the use of the nomograms, as it is hoped 
that these will be self-explanatory; it will suffice 
to state the data and equations on which they are 
based. 





wy, 





For the case of the lathe (Fig. 2) the values for 
recommended cutting speeds (v) and specific cutting 
resistances (k,) as functions of the feed (s) are taken 
from German recommendations (AWF158). 


Spindle speed : 


zy. -_ st 
n= p(n in p.m., v in ft./min., d in inches). 
é 


Tangential cutting force component : 
P, = a.s.k, (P, in lb., a in inches, ks in |b./in.?) 


Net cutting power : 


oe a T 
N = 44200 (N in kW) 


Spindle torque : 
=, ow , 
= (T in Ib. in.) 


Rate of metal removal : 
V = 12 v.as. (V in in.*/min.). 


The tangential cutting force component (Pw) 
acting in the middle of the workpiece (length 1) and 
causing a deflection (8,) is: 


P,» = 2.35 E8, ($)*d 


For a steel workpiece (E = 30,000,000 Ib./sq. in.), 
a 4 
a minimum value of + i=% and a maximum permissible 
deflectiond, = 0.002 in. the force becomes : 
P ww = 6d 
(entered as a chain-dotted line in the bottom nght- 
hand corner of the nomogram). 


For better understanding the following example 
has been drawn into the nomogram by means of 
dotted lines :- 


Maximum diameter to be turned 8 in. 
Minimum diameter to be turned 0.8 in. 
Maximum spindle speed ... ... 9,000 r.p.m. 
Minimum spindle speed ... .. Hem, 
Maximum feed rate ... Q.05 in./rev. 
Minimum feed rate . ... 0.005 in./rev. 
Maximum depth of cut ... ... 020i. 
Miniunum depth of cut ... ... 0.02 in. 


For a simple example (chain-dotted lines) of 
machining mild steel with tungsten-carbide tools the 
recommended cutting speeds (St,) require spindle 
speeds of about 250 r.p.m. to 4,500 r.p.m. for the 
specified diameter range. These spindle speeds are 
provided. For the case of machining mild steel with 
high speed steel tools (St.) with a maximum feed 
rate the spindle speed range would only allow the 
permissible cutting speed to be obtained up to a 
workpiece diameter of 2.9in. The largest cutting 
force would occur when machining the maximum 
depth of cut with the highest feed rate, when a force 
of 1,620 Ib. would limit the minimum diameter which 
could be machined to 2.5 in. with a resulting spindle 
torque of 2,020 1b. in. and a net cutting power of 
about 20 kW. The rate of metal removal is in this 
case 60in.4/min, The minimum diameter of 0.8 in. 


could only support a cutting force of about 500 lb. 
which at maximum feed rate would allow a depth of 
cut of 0.07 in. If the maximum depth of cut is used 
together with the minimum feed rate the net power 
requirement drops to about 10 kW. 

For the case of the milling machine (Fig. 3). 


Spindle speed : 
al 12v (n in r.p.m., v in ft. min., d in inches). 


Middle chip thickness * : 
Se sal NES hy in inches, s in in./min., 
d n, = number of teeth of the 
milling cutter, a in inches). 





Specific cutting pressure : 
k, = f (hm) (ks, in lb./in.* from experimental 
results). 


Rate of metal removal : 
”" = abs. (V in in./min., b in inches). 
Mean net cutting power: 


__k,abs_,, 
N = 530000 (N in kW) 


The following simple example is shown in the 
nomogram by means of dotted lines : 


Maximum cutter diameter Sas 10 in. 
Minimum cutter diameter es 1.6 in. 
Maximum spindle speed ... = 2,000 r.p.m. 
Minimum spindle speed ... wah 32 r.p.m. 
Maximum feed rate ys 32 in./min. 
Minimum feed rate... 2 in. /min. 


A cut 0.16in. deep, 3in. wide has to be taken 
in a mild steel workpiece with a cutter of 4 in. 
diameter, 8 teeth, at a cutting speed of 100 ft./min. 
At a feed rate of 6in./min. the net power require- 
ment for the cutter will be 2.2 kW. 


The well-known fact that the power requirement 
is not proportional only to the rate of metal removal 
can be clearly seen from the following. If the same 
rate of metal removal (2.5in.*) is to be obtained 
by doubling the depth of cut and halving the feed 
rate the power requirement increases to 2.5 kW, 
whilst it drops to 2.0 kW if the feed rate is doubled 
and the depth of cut is halved. 


The values for recommended cutting speeds and 
feeds and for specific cutting pressures in the nomo- 
grams depend, of course, on materials, types, sizes 
and shapes of the tools employed, and investigations 
concerning these will, therefore, influence and should 
be carried out in parallel with the design and 
development of the machine tools themselves. 


Figs. 4 and 5 show milling force dynamometers and 
Figs. 6 and 7 lathe dynamometers, used in the Royce 
Laboratory of The Manchester College of Science 
and Technology. 


* See G. Schlesinger °. 














(b) accuracy of alignments 

The alignments of the various parts of the machine 
tool depend on :- 

1. displacements under load; 

2. the accuracy of manufacture; 

3. wear of slideways, bearings, etc. 

Displacements under load depend on the stiffness 
of the load carrying elements, structural parts, oil 
films, etc. Structures combining high stiffness with 
low weight are advantageous, particularly from the 
point of view of vibrational rigidity, and the light 
weight welded steel construction method, already 
successfully introduced in many fields of engineering* 
should prove its value in the design of machine tools 
which have to work at high operational speeds. One 
of the outstanding features of this method is the 
possibility of distributing the material most favour- 
ably in structural elements and sections, making full 
use of the material properties, a feature which cannot 
always be achieved in cast structures. 





Fig. 4. Three-dimensional milling force 
dynamometer (electrical resistance strain 
gauge measurements). 


Fig. 8 compares strength and stiffness in bending 
(suffix b), and torsion (suffix t) for four typical sections 
having equal cross-sectional areas (i.e. weights per 
unit length) and equal depths (d). The sections are :- 

1. the simple rectangular section; 

2. the H-section; 

3. the tubular section; 

4. the rectangular closed box section. 

It will be seen that within the practical range of 
width/depth ratio (k), the closed box section is the 
most favourable, its slight inferiority to the tubular 
section in torsion being more than compensated for by 
its qualities in bending. It can be proved * that as the 
depth (d) of a closed box section increases, for 
specified values of stiffness in bending and/or stiffness 
in torsion, the cross-sectional area and with it the 
weight of material in the beam decreases in pro- 





* See F. Koenigsberger °. 





Fig. 5. Two-dimensional milling force 
dynamometer (electrical resistance strain 
gauge measurements). 
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Fig. 6. Two-dimensional lathe dynamometer 

with dial gauge indicators (developed by 

Dr. W. B. Heginbotham, The Manchester 
College of Science and Technology). 


portion to d*. Structures of specified strength and 
stiffness conditions and of very low weight can thus 
be obtained by using box sections of large overall 
dimensions with very thin walls. 

Against the favourable properties of thin-walled 
large box sections, however, a limitation of their 
loading capacity arises from the danger of warping 
and buckling of the thin walls under the shearing 
stresses. As the buckling load decreases with the 
square of the width of ‘the wall and increases with 
the cube of the wall thickness, the danger of walls 
buckling is greatest in sections of large overall size 
and small wall thickness. Furthermore, the lower the 
stiffness against buckling, the greater is the danger of 
resonance vibrations in the panels forming the walls 
of a box section. 


The requirements of strength, stiffness and vibra- 
tional rigidity of the sheet panels are therefore 
directly opposed to those which concern the box 
section as a whole. In the “ shell” type construction 
the thin walls of the panels are therefore individually 
stiffened either by webs or by suitable bends or 
corrugations in the sheet metal. In the “cellular 
construction” method, used in the “Diskus” grinding 
machine structures (Fig. 9), the box sections are 







Fy, 7. Two-dimensional dynamometer 
equipped with pneumatic gauging equipment 
(developed by Dr. W. B. Heginbotham). 







sub-divided into small cells which present members 
of small free lengths and great depths and result in 
high resistance to bending and buckling. 

Structural stiffness can therefore be obtained with- 
out serious effects on cost by suitably designed shapes 
and sizes of the structures in question. Reduction of 
inaccuracies of manufacture, and correction of align- 
ment errors due to initial play or wear of bearings 
and slideways can, however, be effected only at 
considerable expense. The permissible limits at 
present in use would have to be tightened consider- 
ably in order to match the accuracies obtainable by 
electronic measuring and control equipment, and 
much more maintenance work would be required 
than is the usual practice today. 

The frequencies of alignment variation of an 
amplitude of the order of 0.0001 in. to 0.001 in. due 
to such errors are not likely to be very high, and 
instead of increasing manufacture and maintenance 
cost it would appear more economical to measure 
such alignment errors as they occur and to make use of 
the accurate control equipment provided (see Section 
(c) ) for superimposing error compensating movements 
on to the feed motions normally required. Such error 
correction devices would consist of optical or 
electrical measuring and control equipment. 
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Fig. 8. Bending and torsion characteristics 
of four typical sections. 








Fig. 9. Surface grinding machine in lightweight welded 
construction with the cellular construction of the upright 
shown schematically on the left (“Diskus”, Germany). 
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Errors of alignment and of wear cause lateral 
or angular displacements, i.e. displacements in 
directions different from those of the actual setting 
and feed movements. They cannot, therefore, be 
covered by the equipment which measures the position 
of spindle head stocks and slides in the direction 
of their operational movements. 


It is proposed to relate the alignment of such 
parts to datum lines or datum faces on components 
which are not subjected to any load. For the example 
of a table and a spindle head stock, which are to be 
moved or positioned along two ordinates at right- 
angles (Fig. 10), the datum lines may be represented 
by straight edges of high accuracy arranged parallel 
to the operational movements of the parts in question. 
Any lateral displacement or yaw of the moving parts 
can be measured in relation to these datum faces. 

If during a required operational table movement 
of amount x, in the direction of the x-axis a lateral 
table displacement (y,, yz, as indicated by the dotted 
line) occurs and is measured, this can be compensated 
by an appropriate movement y; of the head stock 
and an additional movement x. of the table itself. 

Similar corrections can, of course, be applied to 
three-dimensional work and to possible displacements 
of the spindle in its bearings. This may necessitate 
rotational as well as rectilinear movements of the 
parts in question and will have to be studied, once 
the basic two-dimensional problem has been solved. 

The practical execution of this idea is a combined 
electronic and mechanical problem. It covers 
measurement, computation and control and is at 
present under investigation. 


(c) operational feed control 
The operational movements of a metal cutting 
machine tool are :- 


1. The cutting movement, i.e. the relative move- 
ment between the workpiece material and the 
cutting edge of the tool, which results in the 
cutting action and is usually produced by the 
rotation of the main spindle (except in the 
cases of planing, shaping or broaching 
machines). Stiffness and dynamic stability as 
well as good frictional characteristics reducing 
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power losses are important, and the develop- 

ments in this field cover air and oil pressure 

lubricated bearings aiming at a combination 
of smooth running conditions with a_ high 
degree of accuracy. 

2. Once the cutting movement is available the 
control of the working speed and accuracy of 
the machine is concentrated on the setting and 
feed movements which determine the relative 
positions between tool and workpiece at any 
moment of the operation. This may be demon- 
strated for the example of a table drive for a 
two-dimensional profile milling machine. Apart 
from the machine structure itself the elements 
which affect the performance of the drive are : 
(a) the system of sliding parts (for the case of 

the example, the table moving on_ its 
slideways along the x-axis); 

(hb) the driving gear for the feed movement: 

(c) the mechanism for initiating and _trans- 
mitting the control impulses to the feed 
drive gear. 

In (a) the slideways guide the moving parts along 
their required path. They must provide alignment 
and location under the working load, but they must 
not be over-determined. The smaller the number of 
constraints, the more positively can the mode of strain 
transmission be determined. Furthermore, over- 
determination means expensive fitting operations and 
may exert restraint in case of expansion or contrac- 
tion due to change in temperature. The application 
of pure kinematic design principles such as three- 
point location would appear theoretically desirable. 
It is, however, practically inadvisable because of the 
resulting high specific pressures. The use of a cylinder 
and flat arrangement is being investigated, and in 
order to overcome the limitation of length set by 
possible sag or deflection of a cylindrical guide 
supported only at its ends (Fig. 11) an arrangement 
is proposed which incorporates a cylindrical guide 
supported over its full length (Fig. 12(a)). It is 
important, however, to realise the difficulties en- 
countered in manufacturing a slotted cylinder of 
considerable length within the required limits of 
circularity and cylindricity. 

The properties of the sliding faces and their 
lubrication influence the frictional resistance in the 
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Fig. 11.  Slideway test rig (plain slides 
mounted on a horizontal milling machine). 


Fig. 12. Slideway test rig 
(pressure balanced arrangement): 
Right (a) general view ; 

Below (b) principle of operation. 
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slideways. Viscous friction is often desirable because 
of its damping effect on the slide movements. A high 
coefficient of static friction, however, decreasing with 
velocity — “stick-slip’’ phenomenon — makes the 
precision control of slide positioning and moving 
usually extremely difficult if not impossible, and is 
one of the causes of “ judder” at creep speeds. 

Attempts should therefore be directed towards 
reducing or eliminating stick-slip phenomena, although 
viscous friction and its beneficial damping effect will 
usually have to be reduced at the same time. 

When precision ball or roller slides are used, it is 
necessary to make certain that under the point or 
line contact conditions specific pressures do not 
become excessive, and that at the extremely low 
frictional resistance values the small forces exerted 
by roller cage chain links and ball tracks do not cause 
considerable variation of the forces which resist the 
movement of the moving parts thus introducing an 
element of inconsistency. 

In a well-known large horizontal boring machine, 
steps have been taken to float the moving column 
on a pressurised oil film. This appears satisfactory 
for such a large machine, where the weight of the 
moving part will always be greater than the highest 
operational forces which may tend to lift it off its 
oil bearing. The magnitude of the cutting forces 
acting on a horizontal borer is so small, compared 
with the weight of the column, that the variation of 
oil film thickness under the changing load (weight 
of column + cutting force) is apparently negligible. 
On small machine tools this may not always be the 
case, and an arrangement of pressure balanced 
bearings * is now being investigated. This is not 
merely a theoretical problem as the questions of 
accuracy and clearance values which determine the 
oil film thickness, affect the manufacturing and 
running costs of the bearing. Fig. 13 shows how 
clearances affect the oil film stiffness and the volume 
of oil which has to be delivered to the bearing. 
Small clearances mean greater accuracy requirements 
and therefore higher manufacturing cost, whilst an 
increase of the oil volume requires more expensive 
plant such as larger tanks, larger pumps, filters and 
oil coolers. A test rig for a pressure balanced cylinder- 
and-flat slideway arrangement is shown in Figs. 12(a) 
and 12(b). 

The first investigations into plain slide bearings 
on the slideway test rig (Fig. 11) were carried out 
by applying to the slide a constant moving force in 
the form of dead weights (Fig. 14). The position of 
force application and the load on the slide were 
varied, and the coefficients of static and sliding 
friction determined at different slide velocities. 

Fig. 15 shows the results of such tests. Before the 
moving force was applied the slide was given time to 
settle in its starting position. Tests with settling 
times of 0, 5, 10, 30, 60 and 120 seconds showed 
that above a velocity of about 6in. per second the 
frictional coefficients converge towards a value which 





* This principle has been successfully employed in the 
machine, Fig. 1 (Patent Application, J. Gregson and A. 
Flett, The Fairey Aviation Company Limited, Stockport). 














is independent of the settling time and predictable 
to within + 5%. 

The order in which the tests were undertaken is 
shown on the graph. All tests were completed within 
about three hours. There is an overall trend through- 
out the order of the six tests for the values of the 
coefficient of friction to drop. This shows that the 
settling time influences the coefficient of sliding 
friction as it also influences the coefficient of static 
friction. Although the sequence in which the tests 
were conducted may conceal an influence of the 
“warming-up ” effect upon a_ reduction of the 
frictional coefficient the general trend remains clearly 
visible. 

As would be expected the maximum value of 
coefficient of static friction is greater than that of 
sliding friction after movement. Where only short 
settling times were allowed, i.e. 0.5 seconds, the 
opposite effect was observed. This is due to the 
reduced settling time resulting in lower values of 
static friction, because the oil film has not been 
squeezed out. 

The sliding friction coefficient will rarely rise above 
the static coefficient at the usual feed rates 
encountered in machine tools (below 6 in./second). 
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Fig. 13. Stiffness and oil flow plotted against clearance in a 
plain slideway bearing. 


The stiffness is calculated for the case of a certain constant 
flow as: (Ib./in.) where y — kinetnatic 
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Fig. 14. Arrangement of plain slideway 
test rig. 
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However, the negative damping at low velocities (the 
cause of stiction) can be clearly seen in the graph. 

When point (b) is considered it is seen that the 
driving gear for the feed movement has to overcome 
the frictional resistance in the slideways, the inertia 
of the moving masses and the forces exerted at the 
cutting edge during the cutting process. 

Steady and accurate movement, especially during 
reversing, is only possible if backlash in the driving 
mechanism is either eliminated or rendered 
ineffective. 

Various devices for backlash elimination in lead 
screws were developed in order to make machines 
suitable for down cut milling operations. Most of 
these resulted, however, in increased pressures on the 
lead screw thread. 

Two methods of design have been proposed to 
satisfy the performance requirements. The first, which 
may be called a load relief device, is based on the 
principle of providing the forces required from a 
hydraulic cylinder and ram whilst controlling the 
accuracy of the movement by a lead screw (Fig. 16). 
The load (P,) on the lead screw is kept at a constant 
low value by means of a strain gauge arrangement 
acting through a transducer and operating a hydraulic 
valve device which in turn controls the pressure in 
the cylinder in such a manner as to make the 
difference between the hydraulic load (Py) and the 
cutting load (P.) a constant :- 


Py — P, = P, = const. 


The movement of the lead screw is controlled 
by the magnetic tape input and the measurement 
of the table position by optical or electronic means. 

Another design which is being developed employs 
a worm and rack feed-drive which continuously 
resets a short stroke hydraulic piston for precision 
positioning (Fig. 17). 

This equipment, at present under test. has a high 
degree of stiffness. which makes it possible to take 
advantage of recent developments in high 
performance hydraulic flow valves. The frequency 
and phase characteristics of these valves are such 
as to enable the gain of the servo to be high con- 
sistent with stability, and high gain ultimately means 
greater accuracy. 
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High stiffness is also beneficial in cases when stick- 
sip cannot be avoided and when the driving 
mechanism is strained while the parts to be moved 
remain stationary. As soon as the stored strain energy 
is capable of overcoming the stiction resistance, sliding 
hegins, the stiction resistance drops, and the strain 
energy is released. This will cause a jerking move- 
ment, often beyond the required position, and if this 
is corrected by the servo-mechanism, hunting will 
occur. The stiffer the driving mechanism the smaller 
will be the strain caused by the resisting forces and 
the displacement due to the release of the strain 
energy. 

Now consider point (c). The mechanism for 
initiating and transmitting the control impulses to 
the feed drive gear comprises :- 

|. the equipment providing the input information 
(e.g. from a punched or magnetic tape): 

2. the equipment measuring the position of the 
moving parts (e.g. diffraction grating or 
inductosyn equipment) ; 

3. the devices translating the differences between 
1 and 2 into control impulses for 4; 

4. the electrical or hydraulic equipment which 
actually operates the driving gear, e.g. electric 
motors and their control gear, hydraulic valves, 
etc. 

The design of this equipment presents electrical 
and mechanical servo-mechanism problems, which 
have to be solved with reference to the specifications 
mentioned before, and which concern servo 
performance in general and the performance of 
electronic devices and hydraulic valves in particular. 
They do not fall within the scope of this Paper, but 
form, of course, part of the work on the project 
which is at present in progress at The Manchester 
College of Science and Technology. 

Machine tool engineers in all parts of the world 
are aware of the new challenge, of the great 
opportunities offered by electronic control equipment 
and of the need, for making full use of them. 
Development work in this field is known to be 
actively caried out in the United States, in Western 
Europe. and behind the Iron Curtain. 

Only by combining the efforts of research workers. 
of design as well as production engineers and of the 
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Fig. 15. Test results concerning the coefficient 0-20 
of friction as a function of sliding velocity 


obtained on the plain slideway test rig. 
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Fig. 16. Feed drive with 
load relief device. 
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Fig. 17. Feed drive combining long stroke 
worm and rack arrangement and short stroke 
hydraulic piston for precision positioning. 
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industries behind them, will it be possible to keep 
pace with the rapid developments which are at 
present in progress, and to maintain the leading 
position in the machine tool world which this country 
has held for so many years. 
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REPORT AND DISCUSSION 


Chairman: 


John Mitford Brice, M.I.Prod.E., 


Technical and Commercial Manager, Rockwell Machine Tool Co. Ltd. 


HE Chairman said that during the last few 

years many people, even those outside the 
electronics industry, had learned something about 
electronics and its application to machine tools. 
Many Papers had been given on electronics and 
related subjects at conferences organised by the 
Institution and other bodies. Those dealing with 
machine tool applications had always shown the 
need for a very much closer co-operation between the 
designer of electronics equipment and the machine 
tool designer. 

It was therefore pleasant to have Dr. Koenigsberger 
at the present Conference and he had pleasure in 
inviting him to present his Paper. 


Dr. F. Koenigsberger in presenting his Paper, 
which appears on pages 610 - 626, said : 

I am a lecturer at a University and I have therefore 
acquired a certain amount of a_ schoolmasterish 
attitude towards things. For this reason, being also 
rather optimistic, I assume that a number of you — 
I should not like to say how many — have read the 
Paper. Those who have not done their homework will 
perhaps do it during the lecture or afterwards, for | 
feel that it would be better for me to tell you the 
ideas behind and around the Paper, emphasising the 
points which I consider important, rather than to 
read what you can read, and perhaps have read, for 
yourselves. 

For that reason I should like to begin by giving 
you an idea of what the Paper intends to do and what 
it is not intended to cover. The subject of the 
Conference—‘ Production Fights Inflation ’—should 
be behind any Paper given here. 

Inflation has been described as a state of affairs in 
which too much money chases too few goods. It 
would be difficult for anybody, even a production 
engineer or a machine tool designer, however clever, 
to attempt to reduce the amount of money available, 
but it is possible for him to produce more goods in a 
shorter time and at lower cost. 

The influence of the machine tool on the productiv- 
ity of a manufacturing plant is affected by the quality 
and the quantity of its output. An increase in 
quantity—a larger number of components produced 
within a given time—is useful only if the quality is 
such as to make possible their easy incorporation into 


larger units—in other words, if interchangeable 
assembly can be ensured. 

This is already important in manually operated 
machine tools, but the performance of automatic 
machine tools has to be carefully considered from 
the very first step in the design stage. The design 
of such machines thus ceases to be a matter of apply- 
ing nothing more than skill and experience in handling 
cutting tools in order to create machines which can 
locate, clamp and guide a tool and a workpiece. 
In other words, design by trial and error has to be 
replaced by analytical investigation and synthetic 
development. 


For many years the need for a scientific approach 
to the problems involved has been stressed, and some 
outstanding publications have appeared with the 
aim—as put by one author—of securing for the study 
of machine tools a place in the sun among the 
recognised sciences. 


the practical approach 


This is all well and good, but a machine tool 
designer who cannot base his design on the experience 
of something similar which has been done before 
must have an imaginative approach to the problem. 
While his head may be in the clouds, his feet must be 
firmly on the ground and the practical approach 
must not be neglected. 

When the possibility developed of applying the 
potentialities of electronics, specialised control equip- 
ment, servo control devices, etc., to metal cutting 
and machine tool operation, the field, already wide, 
increased to such an extent that the machine tool 
engineer had to enrol the help of the electronics 
engineer, the servo control expert and others in order 
to bear in mind all relevant points of view. In 
specialised industrial development, however, there is 
a danger of each specialist pushing his own subject 
forward and possibly forgetting the overall importance 
of the ultimate project. 


Electronic engineers may consider an automatic 
machine tool nothing but a specialised application of 
electronic control equipment, while servo control 
specialists may look on a machine tool as a large 
servo mechanism with some tools and some work- 
pieces attached to it. 
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I remember recently meeting a medical man who 
talked about a brilliant dental surgeon whose opera- 
tions, according to medical people—tastes vary— 
were worth seeing. They spoke of the elegance 
with which he performed his operations and the 
complete absence of any traces of his work on the jaw 
when he had finished. The jaw looked almost as new. 
The trouble was that this dental surgeon very often 
overlooked the fact that attached to the jaw on which 
he was operating was a human being. The patient 
might finish with a jaw without any scars but his 
cheek might have been cut open to permit access to 
the jaw, leaving a scar visible for many years. Thus, 
the dental surgeon carried out his own specialised work 
but forgot the ultimate object of a human being who 
wanted to be healthy and good-looking. 

This danger exists in the machine tool industry if 
the electrical engineers, the servo mechanism experts 
and others are left to do everything and to forget that 
the ultimate objective of a machine tool is the 
efficient production of the components at a reasonable 
speed and at an economic cost. 


the main purpose 


The aim of the present Paper is to show how 
in modern machine tool design the various specialised 
and highly important aspects have to be correlated 
and centred round the main purpose—the develop- 
ment of a machine which will produce workpieces 
of a specified quality at the required speed of output 
and at a competitive cost. The Paper does not, 
therefore—and that is quite intentional—deal with 
details of servo problems nor does it discuss electronic 
circuits for measuring or controlling operations as 
such. 

A further reason for these things being left out is 
that I am mainly a machine tool engineer and I know 
only a limited amount about these things. My 
colleagues, who have helped me very much with the 
Paper, are the experts on the detailed subjects. 
My job is to correlate their work with the ultimate 
view in mind of looking after the finished machine 
tool and its elements. 

For this reason an attempt has been made in the 
Paper to describe the basic principles which have to 
be considered for the machine tool as a whole. A 
machine tool designer used to designing certain types 
of machines and with great experience has all the 
details at his finger tips, but when you come to 
something new you must give yourself a clear picture 
of the specifications and detailed problems involved. 
I refer to such details as the forces and velocities 
acting at the cutting edge, their effect on the power 
requirements, on the accuracy and the speed of 
production, and consequently on the design solutions 
for the various elements of the machine. 

Graphical representations of the power conditions 
have been developed. Those in the Paper may frighten 
you, but they look much more difficult than they are. 
The nomograms in the Paper are not intended to 
enable designers to use them directly as they are, but 
to show how similar ones can be developed for any 
particular application, and how otherwise cumber- 
some lengthy calculations can be simplified by the 
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use of nomograms suitably designed at the right scale 
and size. The calculations are not difficult, but if you 
have to do them several times at several combinations, 
it takes time. The nomograms thus save time and you 
get good results. The value of the nomograms lies less 
in their accuracy than in the fact that the designer 
can see clearly the trends in changing force, speed and 
power conditions through varying his parameters. 
For instance, you may find that if you vary one para- 
meter little happens, but if you vary two you may be 
fortunate enough to get beneficial results in a third. 

In order to carry out the required calculations, 
some basic information on desirable or recommended 
speeds and feeds and the resulting force parameters 
is necessary. In the nomograms this information is 
indicated by heavy lines, which are plotted for an 
aluminium alloy and for mild steel in the case of the 
centre lathe, and for mild steel only in the case of the 
milling machine. It may also be mentioned that the 
cutting speeds plotted on the lathe nomogram are 
based on a tool life of 240 minutes for tungsten 
carbide tools (suffix 1) and 60 minutes for high speed 
steel tools (suffix 2). 

The information on recommended cutting speeds 
and specific cutting pressures had to be taken from 
sources published abroad, as unfortunately no definite 
and authoritative recommendations of this kind 
could be traced in British publications. This should 
not be taken as a criticism but rather as a challenge, 
and every attempt should be made in this country 
to fill this gap. This does not mean merely that cutting 
forces must be measured in various research labora- 
tories or tool life tests carried out. All that has been 
done here as well as, if not better than, elsewhere. 
But it requires the co-operation of research workers, 
machine shop engineers and machine tool designers 
to establish a final authoritative recommendation. 

Recommendations have to be established which 
are the result of thorough research work and of sound 
experience in successful workshop practice, thus 
combining information based on technical facts and 
on economic possibilities and necessities. Such a 
recommendation would say that if you want to use a 
tool for 240 minutes for an up-to-date job you must 
not use a speed above a certain value under the 
given conditions. 


precise power determination 


The need for precise power determination increases 
with growing power requirements. It is all well and 
good to make 100% contingency allowance if an opera- 
tion requires, say, three horsepower, so that with a six 
horsepower motor the designer is safe from un- 
pleasant surprises. But one of the features of 
electronics is that there is not only one brain and two 
eyes and two hands; you can do things simultan- 
eously which a manual operator cannot carry out. 
When motor requirements, or power requirements, 
are of a magnitude of 50 horsepower such contingency 
allowances are highly uneconomical. 

The problem of machining quality has been given 
attention for many years. It combines requirements 
of design, manufacture and operation of the machine. 
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Static stiffness, behaviour under pulsating loads and 
under vibration conditions—free, forced or self- 
excited—create problems which the designer has to 
solve before the manufacturing engineer can start 
to produce the various parts of the machine tool 
within the required limits. This cannot be decided 
on ordinary workshop acceptance tests. 


lightweight construction 


In the Paper I have referred to the use of light- 
weight welded construction which has been applied 
very successfully for certain machines. One well- 
known machine is a surface grinder about 5 ft. long 
and 15 in. wide, which has been successfully produced 
for about 25 years. The body of the machine is 
built in 4 m.m. steel, about 3 in. The machine has 
been designed and built in Germany, but the light- 
weight construction developed there has not been 
much used elsewhere, because the economic condi- 
tions in various countries have a very important 
bearing on the decisions which a designer may take 
in using certain methods. 

As an example, in Germany the cost of one ton of 
mild steel is approximately the equivalent of the 
cost—labour plus overheads—of 80 man hours. Thus 
the saving of one ton of steel in a machine structure 
is an economical proposition, as long as less than 80 
additional man hours are required for the fabrication 
of the structure in question. Corresponding figures 
in this country and the United States are reported to 
be as low as 50 and 20 man hours approximately, and 
it is, therefore, much more difficult to save weight in 
a welded steel construction with a corresponding 
increase in labour without increasing the overall 
cost of the product. 

With the requirements of non-selective inter- 
changeable production and the possibilities of preci- 
sion measurements offered by electronic devices, the 
problems of manufacturing and assembling the parts 
of machine tools increase, and some suggestions have 
been put forward in the Paper by which the electronic 
means of precision measurement and control can be 
used to make up for the practical limitations of 
precision manufacture and operation, such as 
machining and aligning tolerances, wear of slideways 
and bearings and cost of manufacture. 

There should be little need for increasing the 
accuracy of manufacture to uneconomical pro- 
portions. One can still use the machine as it stands 
and obtain the highest precision and accuracy 
provided by the electronic control means. It is 
proposed that the alignment of the various parts 
should be related to datum lines or datum faces 
located on parts, which are not subjected to working 
load, of the machine, to measure lateral or angular 
displacements of the moving parts and to compensate 
for these displacements by appropriate movements of 
corresponding sliding parts of the machine. We let 
the machine slide move within the inaccuracies with 
which it normally moves, and we then correct for 
these inaccuracies by letting the other slides make up 
for the error. 

The precision initiation and control of operational 
movements of the various parts in question depends 


to a great extent on the sliding resistance and the 
driving mechanisms. The elimination of friction in 
slideways appears to be an important factor, even if 
the damping effect of viscous friction may be reduced 
at the same time. The experimental work described 
in the Paper in connection with slideways is proceed- 
ing and it is hoped that definite design specifications 
will be available in due course. At the moment I 
can give only the principles and the ideas. 


With regard to the feed drive it is essential to 
provide large forces which, at the same time, must 
be controllable within a high degree of sensitivity. 
Two solutions have been mentioned. The first 
incorporates a load relief device in which the pressure 
on the metering lead screw is kept at a constant low 
value, the power being supplied by hydraulic 
pressure. This kind of device is limited in its applica- 
tion for various reasons. One important reason is the 
length of stroke, because for long stroke mechanisms 
the stiffness may decrease and the resonance frequen- 
cies may become difficult to control unless the whole 
layout is adequately designed. For this reason the 
second device is being developed which appears to 
eliminate the difficulties of the first. The disadvantages 
of the hydraulic cylinder and piston, when applied 
to long stroke operations, can be overcome if the 
long stroke is covered by a coarse driving mechanism 
such as a worm and rack, which is not very sensitive 
to length of stroke. This is used to reset continuously 
to its central position a short stroke hydraulic piston 
which deals with the precision positioning of the 
moving part. There is now a short column of oil 
with a high natural frequency, high stiffness and 
highly sensitive to high precision control impulses. 
As soon as the hydraulic piston starts to move out of 
its position, the coarse drive mechanism will put it 
back into the central position. 


a brief survey 


I have not tried to cover all aspects of the problem 
but have tried to show you some of the ways in which 
we are tackling it in Manchester. We are fully aware 
that many other aspects should be tackled, too, but 
these are the problems which I think are of particular 
interest and importance. 


It will be appreciated that the Paper is but a brief 
survey of some aspects of an extremely wide and 
complex field of machine design, but it is hoped that 
it will provide some food for thought and thus help 
in stimulating work which will help to make machine 
tools play their part in fighting inflation. 


The Chairman asked Dr. Koenigsberger to enlarge on his 
description of the hydraulic cylinder mentioned towards the end 
of the Paper, and the coarse rack and pinion or worm and rack 
drive to reset the hydraulic cylinder. 


Dr. Koenigsberger, in reply, said that the illustration was 
schematic and one could write a whole Paper on this subject 
alone, but he would illustrate the principle on the blackboard. 
In the case of a milling machine table covering one or two 
movements, there was a tare control which contained the 
information on where the table ought to be at a certain moment. 
A measuring device told the servo mechanism where the table 
actually was at this moment and the servo mechanism had to 
put the position right. 
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Tke valves were operated electrically and the piston was 
attached to the rack which was driven by the worm, the cylinder 
being attached to the table. The oil was led into the cylinder on 
the correct side and the piston, being held by the worm, was 
stationary while the cylinder moved, let it be assumed, to the 
left. The table was thus beginning to move to the left in accord- 
ance with instructions. If nothing happened to the rack and 
worm, the cylinder would continue to move to the left and the 
cylinder wall would hit the piston, which was undesirable. As 
soon as the cylinder had covered a certain stroke relative to the 
piston, the motor started driving the rack and the table would 
continue to move until the measuring device told the servo 
mechanism that the correct position had been reached. 

The rack drive was fairly coarse and might drive the rack too 
fast or too slowly, but that did not matter. If it went too fast, 
for example, the hydraulic cylinder would immediately hold 
back. On the other hand, if it went too slowly the hydraulic 
cylinder would tell the motor to go more quickly. In other 
words, the motor would try all the time to keep the piston 
central in the cylinder. When for some reason or another a 
position was reached in which the motor overshot or undershot, 
the piston would always hold the table exactly in the correct 
position. 


Mr. Mills (De Havilland Propellers) said the author had spoken 
about a coarse mechanism with the implication that it was a 
rough mechanism, whereas in fact it had to be as precise as any 
other part of the machine. All that one did with the small 
hydraulic cylinder was to reduce or increase the stiffness of the 
overall system, and the coarse system must be designed to be 
completely backlash-free and completely stiff. He thought it 
debatable whether they could get greater stiffness with the gear 
drive than with a simplified, long-stroke piston. 

Had any thought been given to fluid to a higher modulus 
than normal hydraulic fluid in order to work at higher pressures? 
He believed that if they worked normal fluids below 1,000 Ib./in.? 
they had a very low modulus. Moreover, in a system above 
1,000 Ib./in.? they could get greater stiffness. He knew of no 
machine tools at present which worked in a pressurised manner. 


Dr. Koenigsberger replicd that they were experimenting 
with the mechanism and he could give no figures, but Mr. Mills 
was quite right in saying that the mechanism which had been 
described as coarse was not a second-rate or low-quality 
mechanism. It had to be backlash-free and stiff. The worm and 
rack used were irreversible and backlash-free. Heavy hydraulic 
pressure was available and the worm was held closely meshed 
into the rack. The worm itself must have no backlash in its 
thrust bearings, and this was eliminated by hydraulic pressure. 
The mechanism must be smooth. The term “ coarse ”’ gave the 
impression of a hand-filed worm and rack, but he wanted to 
dispel that impression immediately. 

He recalled an example in his own workshop experience in 
which he had sketched roughly some mechanism for a prototype 
design and handed it to the fabricating shop to weld together. 
In return, he was given a piece of mechanism in which every lug 
and every bearing was between }$ in. and } in. out of alignment. 
When he complained, the foreman said, ‘* You gave us a rough 
sketch, so we gave you a rough job.” He did not want to give 
the impression, therefore, that the worm and rack in this case 
were a bad mechanism. It was coarse only in as far as the 
precision control need not be of the same degree as that for the 
cylinder and piston. 


Mr. Mills, taking up the phrase “ not of the same degree ”’, 
asked whether it must have the same stiffness. 


Dr. Koenigsberger said that it must have the same stiffness. 
He added that the piston stroke was such that, even assuming it 
was only | in., any errors within lin. in rack and worm 
mechanism would be compensated all the time by the hydraulic 
system. 


Mr. Jones (Hilger and Watts) asked the speaker to elaborate 
on his comment about the slideways. 


Dr. Koenigsberger, in reply, referred to the photograph 
of the Fairey machine in Fig. 1. He said that a pressure balanced 
slideway bearing was used in it, successfully. His job im. this 
research project and development work was not to design a 
finished machine tool; he was not in competition with the 
machine tool industry. His purpose was to investigate the various 
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qualities and to establish design priaciples of elements of machine 
tools. When they were successful they would hand these over to 
the machine tool industry. 

The Fairey machine, in which this type of lubrication was 
used, worked satisfactorily, but the difference between the 
author’s work and that of the machine tool manufacturer and 
designer was that the latter wanted to sell his machine, designed 
a prototype to the best of his ability, built it and then started 
to make it work. The author, on the other hand, wanted to 
investigate not only whether a design worked but what were its 
optimum conditions technically and economically. 

This was why the pressure balance arrangement was in- 
vestigated, in order to see how the stiffmess was affected by 
clearances and by precision manufacture. They had started 
with a very fine finish and a high degree of surface finish on the 
slideways, with very fine clearances giving minimum oil flow 
and maximum stiffness. Having established these conditions 
they would then increase their clearances and roughen the 
surfaces, in accordance with the old principle that you should 
not build a machine as good as humanly possible but as bad as 
the job would stand it. The machine had to be satisfactory, but 
there was no need to go to perfection for perfection’s sake. 

Another problem which had to be investigated was that of 
ball and roller slides. Only a few tests had yet been conducted. 

Another possibility, which he had mentioned in the Paper, 
was that of pressurised hydrostatic lubrication. There existed 
the case of the very heavy moving column of a large horizontal 
boring machine being floated on a pressurised oil film. This was 
perfectly satisfactory and he had seen the machine working. 
With a heavy column of five or six tons, the cutting forces—the 
pulsations varied between 100, 200 and 300 Ib.—would be only 
1% of the total pressure on the slideways. A smaller machine 
might, however, weigh much less and the cutting load might be 
8 cwt. to 10 cwt. Thinking in terms of a weight of 5 cwt. and a 
pressure variation of 100/200%—there might be displacement 
of the table, which might not be permissible or justifiable. 
Consequently, the pressure balance arrangement appeared to 
be advantageous, but it was being placed under investigation 
after preliminary investigations had been made on ordinary, 
conventional, orthodox slideways which were lubricated by an 
operator putting in a drop of oil somewhere and hoping for the 
best! It was clear that such an investigation was needed and 
would be useful. 


Mr. Crane (Ministry of Supply) asked the speaker for his 
opinion on the long-term stability of welded structures in 
machines. He had in mind the movement of a machine from 
one place to another. 


Dr. Koenigsberger replied that this was a very controversial 
subject. The dimensional stability of welded machine tools was 
a very important matter and it could be completely controlled 
by design and by treatment during manufacture. They knew 
that even castings were not perfectly stable after manufacture; 
indeed, many of them would agree with him when he said that 
if they did not treat the castings they could have some very 
unpleasant surprises. 

One main reason for dimensional instability was the residual 
stresses which were set up in welding and which could be reduced, 
first, by suitable welding procedures. In spite of the welding 
procedure, however, they could not eliminate such stresses 
entirely because they could not over-simplify the machine tool 
structure, which was usually complicated in the first place. 

The first mistake which the designer could make was to take 
the design of a cast machine, place a piece of tracing paper over 
it, trace it and then replace all the radii by welds. That was the 
best way of making welded construction a failure. It was 
essential to consider the whole problem differently, to forget 
all we knew about cast structures. 

The first welded machine tool structure which he had had to 
design was designed in Italy in 1936. Out of a batch of ten 
machines, one casting cracked. Foundry deliveries then being 
bad, it was impossible to obtain a replacement quickly; out 
of the batch of ten machines, nine would have been available 
and the tenth. would have arrived six months later. 

It was therefore decided, at the risk of failure, to try a welded 
bed. He had studied the whole question theoretically rather 
than practically before this, and on this occasion he did his 
calculations very thoroughly. He had been anxious not to make 
ahy mistakes in the design of the bed. Eventually, he discovered 
thatthe wall thickness had to be about } in. 

















Having drawn it and looked at it on the drawing board, 
he was, however, scared. With his present knowledge he realised 
that this structure would have been perfectly satisfactory and 
would have done the job as well as any other, but at that time, 
having never seen a welded machine tool structure and having 
been accustomed to castings, he thought that the drawing 
looked quite horrifying and, without telling anybody about it, 
he increased the thickness to’? in.! This still looked dangerous, 
but he felt that he owed it to his own pride not to go too far! 
As it was, he put in fact a 50% contingency allowance on the 
job. The job turned out to be perfectly satisfactory, but he was 
now convinced that the } in. wall thickness would have been 
enough. ; 

An important point to bear in mind was that permissible 
stresses and elastic limits were so much higher, and any steel 
structure—thinking in terms of beams and cantilevers—should 
be deeper and shorter than the corresponding cast structure. 
If thinner plate materials were used, the residual stresses were 
already going down because the material would yield more 
easily under welding expansion and contraction. It was necessary 
to heat treat the structure afterwards, however, and the heat 
treatment consisted of heating it to 600-650° C for a normal 
structure, and up to 720° C for high precision machine structures. 
The latter temperature was slightly above the lower critical 
point of the material and this might reduce the impact resistance 
of the material. This did not matter because the stresses in a 
machine tool were very Jow in any case. He had worked out 
the stresses in a conventional lathe bed and had found them to 
be about 120 Ib./in.2.. Even if these were raised to 250 Ib./in.? 
there was nothing to worry about. 

One secret about heat treatment was that the structure had 
to be left in the furnace until every part had reached the stress 
relieving temperature, and that the furnace doors were kept 
closed after the heat had been switched off until the temperature 
had dropped below a certain figure. That was the most important 
point of all. For the ordinary machine structure he suggested 
going down to 300° C; indeed, he would not allow the doors 
to be opened above 250° C and for high precision machine tools 
he would even suggest 150° C. 

Possibly the audience would be more convinced by practical 
results than by pure theoretical considerations. He would 
therefore explain that he had used this procedure successfully 
on high precision structures. 

This heat treatment was unpopular because a long wait for 
the next batch was involved in keeping the furnace doors closed 
while the temperature fell from 720°C to 150°C; the curve 
flattened out at 250°C and the drop from 250°C to 150°C 
might take twenty hours. 

In one case where this treatment had been carried out clock 
gauges and other measuring instruments had been placed on 
a welded fixture at strategic positions, but with the equipment 
then at his disposal—in 1947— he had been unable to detect 
movement, even though a hole | in. x 5 in. diameter had been 
bored in a solid block. The fixture was measured again 
after six months in the workshop, and again there had been 
no movement. 


The Chairman asked the speaker to comment on the ability 
of such a lightweight structure, as opposed to a casting, to absorb 
vibration. There was a feeling that a heavy lump of cast iron 
would absorb vibrations whereas an equally strong welded 
structure would not. 


Dr. Koenigsberger replied that the main feature of cast 
iron, apart from the mass, was that it had inherently a higher 
vibration damping capacity. The theory was that in cast iron 
there were fine needles of free graphite which caused mechanical 
friction within the material, and this damped any vibrations 
which might develop. These needles of fine graphite did not 
exist in steel. According to some investigators, these graphite 
needles were also the reason for the lower Young’s modulus 
of cast iron. Graphite did not add to the stiffness of a structure; 
one had in fact a structure with little holes. 

The damping property of cast iron was certainly higher than 
that of steel, but it was possible by suitable design to make 
up for that and to introduce damping into welded structures. 
One suggested method was to create artificial pre-loading by 
flanging pieces in positions of high shear strain where rubbing 
took place. Experiments had shown that the damping property 
of a welded structure could thus be increased forty or fifty-fold. 


Even after ten million cycles of vibration no change in the 
damping could be detected. 

A number of problems were iavolved—corrosion might take 
place—but the fact remained that the damping could be brought 
up to the required magnitude. Other points which should be 
considered included the lightweight construction. The natural 
frequency of a structure was proportional to the square root of 
the stiffness over the mass. If the stiffness could be increased 
with the same mass or the stiffness maintained with the lower 
mass, the natural frequency was raised and the whole structure 
might be removed from the danger of resonance vibration. The 
only danger with the lightweight construction was that of large 
overall sections and very small wall thickness. The normal 
stiffness of the section as a whole was increased, but the stiffness 
of each panel was considerably decreased. 

It was necessary to find a compromise. This was where 
increased labour costs were involved. The panels had to be 
stiffened individually, which used additional labour, but the 
saving in material in grinding machines, for instance, compared 
with cast machines using the same design was about 45%; 
the machines weighed 55% of cast machines. The reduction 
in cost was about 25%. Thus, there was some disadvantage; 
it was not all saving, because extra labour and overheads were 
involved. 

He quoted the example of a machine which had been measured 
after two years in an aircraft production workshop during the 
War. He reminded the meeting of a well-known saying about 
sub-contractors to the main aircraft companies during the 
War: ‘ Give us the jobs and we will finish the tools.’’ In spite 
of this, the machine in question had been found satisfactory in 
accordance with the normal acceptance tests. There might have 
been some differences, but none could be found by the normal 
standard workshop equipment used, apart from wear on a slide- 
way or the corner of a table broken off because somebody had 
dropped a heavy fixture on it. In other words, after two years’ 
work under severe conditions, the alignment of the machine 
and its dimensional stability had not suffered. In that case 
both the welding and the heat treatment procedure had of course 
been carefully watched. 


Mr. Crane, asked whether a jig boring machine could be built 
of welded structure. 


Dr. Koenigsberger, in reply, said that he knew of at least one 
jig boring machine which had been built in welded construction 
and which had been very successful. The first sale might not be 
indicative of success, but if people bought a second machine 
it indicated that it was at least not too bad. 

The design and manufacture of jig borers was highly skilled 
and required much experience. He would not expect any 
designer in a company of repute making jig borers to risk his and 
the company’s reputation by an experiment, when he could do 
the job satisfactorily in a proved manner. The job of the designer- 
pioneer in this field was dangerous and the expense involved in 
trying the new method might not be worthwhile, unless the 
person concerned was starting from scratch and had to build up 
his experience. Leading firms in the field had developed heat 
treatment procedures for castings and other parts and they could 
hardly be expected to drop all that and to do something entirely 
different, at the risk of having teething troubles. It was possible 
to do this but it was difficult unless one could afford to experiment 
for some years. 


Mr. Mills asked the speaker to summarise the features which 
were most important in the design of a machine tool for this class 
of work by automatic control. Probably machine stiffness was the 
first feature—overall stiffness from the tool to the machine. They 
could either have a stiff machine tool working to data off the 
slideway, or they could have a springy tool and work to the size 
of the workpiece. In a hand operated lathe there was only the 
stiffness of the body, but they could produce to fine limits 
because they put calipers on the job. The second feature was a 
stiff drive and more fundamental ways of measuring what they 
were making, with perhaps a change from normal methods of 
measuring. 


Dr. Koenigsberger replied that with the ideal feedback 
control mechanism it ought to be possible to have a machine of 
no stiffness—a very thin machine—with the tool moving around 
in thin air, as long as the feedback mechanism could always 
position the tool in the right position relative to the workpiece. 
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That was perhaps the ideal; it would make machine tools very 
much lighter than they were now, but it would make the measur- 
ing devices and the tool holding devices much more difficult to 
design. 

It appeared to be a more economical approach to the problem 
to reduce the functions of the electronic device and the servo 
mechanisms to that work which could not be dealt with by 
mechanical stiffness and strength of the machine. Stiffness of 
the spindle drive would be needed. It was very difficult to 
provide a servo mechanism which would compensate for vibra- 
tions of a frequency equal to that which might be encountered. 
There might be high frequencies even in steady operations. In 
some measurements in turning brass, the steadiest operation of all, 
frequencies of 6,000 cycles per second had been observed. These 
were not often of high amplitude, but they were high frequencies. 

With a milling operation, running at a cutting velocity of 
10,000 feet per minute, with a cutter of 6-in. diameter, they had 
about 6,000 revolutions per minute. If the cutter had four teeth, 
this meant 24,000 impacts per minute or 400 per second. It 
was difficult to design a servo which would have a response of 
this magnitude. 

It was therefore advisable to design the machine so that it 
was stiff enough to deal with anything which could be dealt with 
by any machine mechanically designed in a sound manner. 


The second feature was stiffness and stability of the drive, and 
for instance, fly wheels on a milling spindle designed to avoid 
oscillations. Stiffness of the feed drive was also needed. 

Next, they needed co-ordination. With a static positioning 
device it did not matter, within reason, when one slide, moving 
along the ordinate, appeared at a certain point in relation to the 
other slide. If they bored a hole in a jig borer at positions X 
and Y, the table could be moved to X and the spindle headstock 
need not arrive at Y until 10 seconds later. Only at the moment 
when the tool began to work both had to be in the right position. 
On the other hand, with profiling, longitudinal and cross traverse 
must arrive at X and Y simultaneously. It was important to 
have co-ordination and a faster response of the whole drive to 
the impulses of the control device. Stiffness in that drive was 
important to avoid displacement and errors and to avoid 
frequency oscillations at high frequencies which wolild affect the 
surface finish. 

The third feature was the provision of power. There was little 
point in doing a job by electronic control unless you could work 
faster. You could not use a milling cutter above a certain speed 
because of the effect on tool life and you could not use speeds 
where the feed arrangements were excessive because of the 
possible effect on the surface. Productivity must therefore be 
increased by carrying out several operations simultaneously, 
which meant higher power requirements. It must also be 
possible to enable the machines to take higher loads without 
trouble. Other problems were stiction, precision in manufacture 
or control and error correction by means of electronic measure- 
ment devices. 


Mr. Mills said he had hoped that the author would mention 
a fundamental change in their thoughts about measuring on a 
lathe. If they wished to take .001 in. off a workpiece, they moved 
the tool in .001 in. The tool holder was moved .001 in. 


Dr. Koenigsberger replied that this point was mentioned in 
the Paper. The tendency in jig borer design had been not to 
combine driving and measuring devices. The size of the workpiece 
or the positioning of various parts was used rather than the move- 
ment of the driving mechanism. It would be best to measure the 
workpiece rather than the table in order to cover any distortion 
of the workpiece. He had given much thought to this but had 
not yet decided how to do it with profile milling; it was a very 
difficult job. It would be ideal to measure on the workpiece, 
as it had been done on cylindrical grinding. It could be done on 
turning, but the main point was to dissociate the drive mechanism 
from the measuring mechanism. 


Mr. Brewer (Imperial College of Science) said he was surprised 
that the distinction between positional control and continuous 
contour control had arisen so late in the discussion and that its 
implications had been neglected. The speaker had said that it 
had a profound effect upon the philosophy in designing a 
machine. With continuous contour control there was the 


difficulty of maintaining the same relatively high order of 
accuracy for a continuous part, and this prevented the use of one 
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or two devices which had been suggested for simple positional 
control. 

The principal idea on which he wanted Dr. Koenigsberger’s 
view was that of changing the conception of the machine table 
and considering it as a structure. He was speaking here in terms 
of mechanisms. It was not completely free but was treated as 
a free body until it was near the positioa, when it became 
effectively clamped and use was made of very small movements 
to achieve tinal accuracy. 

One method wnich had been suggested for these small move- 
ments was magneto-stiction. Another method was to induce 
stresses in the connecting link by either force or thermal applica- 
tion, although this had disadvantages and drawbacks from a 
practical point of view. He knew of only one practical application 
of the first method, and that was not on a machine tool. 

Would the speaker comment on the use of this method for 
positional control? Obviously it was not available for continuous 
contour control, but there they had a slight advantage in that they 
were not dealing with movement at very slow speeds. In addition, 
on the coatinuous contour side they had the interpolation system 
and the true path system. The interpolation systems, either linear 
or parabolic, approximated to the continuous curve by a series of 
small segments. These never produced exactly what was wanted 
and the degree of refinement used was an influencing factor in 
anything decided about the drive. 


The Chairman said they must keep the two things separate. 
One was positioning control and the other was profiling, and 
they were different programmes. 


Dr. Koenigsberger, in reply, said the fact that the discussion 
on the separation of the two control systems had arisen so late 
was not his fault; he had stressed the point in the Paper. 

Positional control, as such, was perhaps only one step towards 
the fully automatic machine tool for automatic control. Taking 
some of the best-known machines working on such principles, 
they had an operator who could press a button or a punched card 
to set the table or the headstock slide in position. When that 
had happened there was a green light, the operator pressed 
another button and the boring operation proceeded. This 
could be combined, and instead of a green light they could have 
a relay which started the operation automatically. But these 
were more or less sequences of impulses going on rather than 
continuous automatic control, and in the Paper he had tried to 
stick to continuous control. 

There were certain points in relation to position control which 
might be of interest. One device which was used slowed down as 
it approached the job. This was purely an electronics problem. 

Up to a point the same situation applied to interpolation. 
There was no point in trying to design a machine which was more 
accurate than the accuracy which could be obtained from the 
computer. He had no experience of magnetic stiction, but he 
understood that a company in America was using it in the “‘ Inch 
Worm ”’ device. 

Although they would not like the spindle headstock to arrive 
one hour after: the table in the correct position, nobody would 
worry about a delay of 1/10th second in static position control, 
but the situation was quite different in a profiling machine. 
They could riot slow down one slide without correspondingly 
slowing down the other; the whole operation was slowed at the 
same time. Consequently, they had to consider the possible 
effect on surface finish when suddenly changing the feed rate; 
there might be a change in surface finish. 

If there were changes in the cutting load, the driving mechan- 
ism must ensure that there was no slowing down. This might 
be a matter of hydraulics. It could be done, but it was more 
difficult than in a case where one could accelerate and decelerate 
at will for each separate mechanism without having to fear the 
consequences. 

One method of determining a position was to set a micrometer 
screw to the required accuracy and then to move towards it. The 
only criticism of the method was so slight as to be almost 
theoretical. It was that they were still measuring the rotation of 
a screw which might wear. 

All this was impossible in the continuous drive arrangement. 
The introduction of stresses into the structure might lead to 
unpleasant consequences. Clamping in position—unless there 
were position control—and the tightening and loosening of 
clamps might not be a good thing. It could be used to increase 
damping, but there were other and better ways of damping the 
movement of a slide than by increasing and decreasing friction. 
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unless one could control it to such an extent as to be certain that 
whatever happened one could always, come back to the intended 
conditions. 

This was an entirely different problem, and he had tried to 
report on the work he was doing and to stick to the problem of 
continuous control. 


Mr. Brewer, referring to the “ Inch Worm” system, said 
that the only application of which he knew was not to a machine 
tool but to a positioning table, but there was an obvious applica- 
tion to a positioning system. Normally the table was driven by 
lead screw and nut. In this case when they were near the position, 
the table and the rigid part of the machine base were joined by 
a link. For general purposes they would regard the table as fixed 
to the main part of the machine, but obviously that link possessed 
some elasticity and the application of a reasonable force to it 
would cause it to extend by perhaps .0001 in. or even .001 in. 

The principle was to induce very small extensions in the link 
so that the table moved relative to the machine itself. The point 
was that this was something which could not be prevented by 
any form of stick slip. If a stress of a certain magnitude were 
induced in this link, it was compelled to move by a certain 
distance, coupled with the elasticity, and the only thing that 
could prevent it would be the application of a greater force. As 
the stresses involved would be thousands of pounds per square 
inch, nothing of the normal frictional force would have any 
effect. The introduction of stresses by purely mechanical or by 
thermal means was very doubtful. 

There was the possibility of making use of the electrical or 
electro-magnetic phenomena of magneto-stiction whereby, 
through magnetic means, they could rhake material expand or 
contract by a small amount. That was the practical way in which 
this was done. It had been patented as the “ Inch Worm” 
system, and although he had studied thirty positional control 
systems he knew of no one who had made use of it in the positional 
control system. It might be that there were practical difficulties 
which prevented its utilisation. 


Dr. J. K. Royle (Manchester College of Science and Technology) 
said that stiffness had been mentioned in two contexts—the 
stiffness of the machine tool itself and the relationship to the 
surface finish and stiffness in relation to the driving mechanism. 
What they were seeking in automatic profiling machines was an 
extremely high degree of accuracy of the finished workpiece. One 
needed a first-class control system to overcome the difficulties 
which had been discussed, both in pure positional control, where 
time did not matter, and in the continuous and accurate control 








of position under dynamic conditions. In order to provide 
suitable servo mechanisms which would produce sufficient 
accuracy of the finished workpiece, a stiff drive was essential. 
The stiffness of the drive was the effective limiting term on any 
servo system. 


This was one of the basic reasons for using the short-stroke 
hydraulic ram, and it raised the question of the compressibility 
and pressurisation of oil. Compared with steel, oil was very 
compressible. It was essential to use short-stroke rams at high 
pressure and to take advantage of some of the extremely fine 
performances now available with hydraulic belt systems. When 
one reached the two to three horsepower level of the driving 
system, hydraulics showed considerable advantages over similar 
electrical methods. Did the speaker agree that stiffness had to 
be related strictly to the machine tool aspect, from the point of 
view of economics and surface finish, and also, quite distinctly, 
to the servo aspect? 


Dr. Koenigsberger replied that he was in complete agree- 
ment with Dr. Royle. Dr. Royle had been his adviser and had 
done much work on hydraulics. There had been no controversy 
between them, even behind the scenes! 


The Chairman, concluding the discussion, said that if 
production engineers were to get more productivity out of their 
machines, they would be helped by the work being undertaken 
in Manchester. The companies concerned would be pleased to 
receive basic guidance on machine design so that machine tools 
could be successfully and efficiently used with modern electronic 
equipment, which in the last few years had grown, had become 
simpler and, at least in application, had become more easily 
understandable to the average machine tool designer. 


Dr. Koenigsberger had said that the time would come when 
this would be made available to the industry through various 
channels, and that was of great importance. Equally important 
was the work which Dr. Koenigsberger was doing—not only 
the basic scientific work, but the co-operation which had been 
achieved between the machine tool designer and the companies 
manufacturing electrical equipment. Very little co-operation had 
existed in the past, but it was now growing, and one of the places 
where it was fostered was the University of Manchester. 

He thanked the speaker for his interesting Paper and for having 
answered the questions so ably. 


The vote of thanks was accorded with acclamation and the proceedings 
terminated. 
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M* plan is to try to set out a clear and general 
picture of what cybernetics and operational 
research are about, and then to indicate their relation 
to automation. As far as automation is concerned, 
I hope to show that there is a great need to under- 
stand the fundamental principles on which ll 
automatic control is based, since it represents a very 
general scientific methodology with far-reaching 
consequences; a failure to understand these principles 
is the surest guarantee of a failure in application. 
However, I wish to make my appeal to practical 
people who are primarily interested in production 
on the factory floor or in other everyday circum- 
stances, where elaborate theories, in themselves, are 
not enough and so I hope to dwell on examples that 
have a practical and intuitive appeal; this fact 
prohibits the possibility of careful proof, although 
such a proof of most of my statements, I will claim, 
is always available; and where we are explicitly con- 
jecturing I shall note this as a matter that requires 
either proof or practical demonstration. 

Cybernetics is a general name for the study of all 
control and communication systems. Therefore, if 
I study computers, either analogue or digital, because 
I think I see in them the hope of an analogue to 
human behaviour, then I am indulging in cybernetics. 
If I build a special purpose computer as an analogy 
to any process whatever, I might also be said to be 
dealing with cybernetics; it is clear that there are no 
precise limits to the subject; it cuts across all the 
conventional boundaries and includes engineering, 
mathematics, biology, psychology, and so on and so 
forth. So I may be within the scope of cybernetics if 
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I simply sit down and work out mathematical equa- 
tions and descriptions. However, there are certain 
salient features of cybernetics; the first is the idea of 
control being automatic and being primarily a process 
of negative feedback; secondly, there is the idea that 
systems may have the same properties, whether they 
be organic and called “living”, or inorganic and 
what we normally tend to call ‘‘ machines”. 

Operational research is in many ways more vaguely 
defined in its limits than cybernetics and certainly 
something that cuts across it, and might even, in a 
sense, be said to include it. It involves primarily the 
application of a strict scientific procedure to all 
problems, and specialised because it supplies the 
characteristic model-theory treatment of science, to 
situations which do not already come within an 
accepted branch of science. In brief, operational 
research represents the application of scientific 
method to everything and anything; we must say 
something, then, about scientific method. 

Automation, which we will come to last of all, is 
applied cybernetics, and perhaps something that 
generally goes hand in hand with operational 
research. 

I would like to emphasise that there is no special 
reason at the moment for trying to use these three 
names in a precise way, since they are commonly 
used to cover whole sects of ideas, concepts, and 
operations, so let me rather try and indicate their 
breadth and importance. It is in this respect that | 
expect automation — in view of its great publicity — 
is already well-known, and needs less explanation 
than cybernetics and operational research. 


Scientific method 


[ must now turn to a description of scientific 
inethod ; what a scientist normally employs. Naturally 
there is still some dispute about these matters, and | 
will try and give an outline in terms that will 
emphasise those parts on which we should all agree, 
since for practical applications, fine differences, about 
such things as the metaphysical background, for 
example, I shall assume make no difference at this 
stage of application. 

Perhaps I can best illustrate what scientists do by 
listing the characteristic steps they follow, and the 
findings which they derive from these steps. 

It is known that science depends on observation. 
We have to be able to observe things, whether 
directly or indirectly. To do this we may use micro- 
scopes or telescopes to improve our range of observa- 
tion, but we still have to have direct contact with 
certain states of certain systems. 

From these observations, generalisations are made 
which can be put in the form of axioms or postulates 
that can subsequently be used for deriving 
consequences and so allow prediction. The step from 
particular observations to guessing at the generalisa- 
tion is called the inductive step. This step may be 
taken on a number of different grounds ranging from 
sheer guesswork, where no evidence or justification 
can be adduced in support of the hypotheses or 
generalisation, to good evidence based on a number 
of careful observations. We might see a red apple, 


and then another red apple, and then another, and 
might reasonably say “1 believe all apples are red ”, 
and since we mean this to be a statement that is 
empirical and capable of being tested (by observation) 
we must go ahead and see whether or not all 
apples are red. If not, then our generalisation is 
false, although if almost all are red, we might state 
a weaker, statistical, generalisation; “ nearly all apples 
are red”. We shall, of course, be careful here to 
notice that its redness cannot be a _ defining 
characteristic of an apple, otherwise there is no need 
to test our statement; it would be true by definition 
and everything that looked like an apple and was, 
in fact, green would have to be called a “ bapple ”* or 
“ gapple” or something else. 

Having achieved a set of statements that are 
well-confirmed (to which we have not observed any 
exception), then we may deduce particular conse- 
quences. That is “If all apples are red, then if you 
have an apple in your pocket, it is necessarily red”. 
So, roughly speaking, the scientific method is made 
up of the two processes of induction and deduction, 
fitted together. These processes link the two opera- 
tions of testing, which depend on observation and 
include careful scientific experiment, with that of 
generalising, where the generalisations are sometimes 
called hypotheses (if highly confirmed, laws) that 
follow from accurate observation statements. 


Probability and statistics 


In our search for models, both in specialised 
sciences and now in any situation where the scientific 
method will be employed, we shall find ourselves 
using probability theory and statistical methods based 
upon probability. These can be used in two different 
ways which we should distinguish. 

The Laplacian theory is the probability theory most 
easily applied. This says that the probability favour- 
able to some specified event A is given by ratio of 
the number of ways which the favourable event A 
can occur to the total number of ways that the event 
can occur at all. To take the simplest sort of example, 
we shall say that the probability of throwing an even 
number, with one throw of an ordinary die is 4, 
since there are three ways of the favourable event 
occurring : we may throw 2, 4 or 6, and there are 
six ways in all that the event can occur: 1, 2, 3, 4, 5, 
or 6, and therefore the Laplacian probability gives 
3/6 or 4. 

We can now consider sets of events with which 
we can associate probabilities in a priori fashion. 
Alternatively, we can count the number of 
occurrences of events and make some prediction on 
the basis of what we count. Thus if we wish to know 
whether height and weight are highly correlated in 
any group, we can take a random sample of the group 
and calculate a correlation coefficient. We could then 
calculate a correlation coefficient for another group 
under the same circumstances and we can compare 
one group with the other. These methods require 
careful application, the use of control groups, proper 
methods of sampling and the careful consideration of 
many other factors besides. This use of statistics 
allows us to carry out an extended reasoning process 
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about groups of things or people, with some degree 
of probability. We can by such methods make 
deductions and therefore predictions. 

The second way in which probability will enter 
our considerations is where we use it to describe 
some system. The probabilities arise either because 
the system is too large to handle any other way — 
this will frequently occur in industrial problems — 
or where we do not know all the necessary facts in 
advance of our computation. This is characteristic of 
induction, and also of the human being in the data- 
processing which we associate with the activity of the 
human brain. 

It is because of these two factors that many of our 
models — the symbolic and abstract models used in 
operational research — are of a_ probabilistic or 
statistical kind. We shall be referring from time to 
time to the specialised statistical methods which we 
shall continually meet throughout the application of 
cybernetics and operational research to industrial 
problems, both at the machine level and at the 
broader organisation levels. 

So much for our summary of scientific method as it 
seems to operate and, of course, ignoring all the 
various complications in designing experiments and 
the full methodology, involving detailed statistical 
applications and so on and so forth. 


Language and logic 

We can now regard this scientific method a little 
more carefully as a relation between ordinary state- 
ments, in English or French or any other everyday 
language, and their underlying logical structure. Since 
the structural relation between precise statements is 
very important, it will often involve the use of logical 
or mathematical models, or even physical models, with 
specific geometrical properties. All informal descrip- 
tions of scientific phenomena are approximate and 
convenient, but sometimes too vague, and we may 
then expect to have to go over to a more precise, 
although equivalent, description. This sort of thing 
can be exemplified by the difference between an 
informal description of a scientific system and a 
mathematical description, or the difference between 
a rough description of a machine and a detailed and 
precise one. We shall say about this that we have a 
model of our ordinary language and this may be a 
precise linguistic or logical model, or it may be a 
physical model, like a wind-tunnel is a_ physical 
model of the aerodynamic characteristics of certain 
aircraft. These models can be regarded as analogues 
of systems and if we build a model first we can 
observe the characteristics of the model without 
having to build the full-scale system. This last idea 
stands at the very base of operational research and 
the link with scientific method is immediate, since it 
is directly derived from the methodology of science. 

The first part of our description of scientific 
method is primarily concerned with cybernetics, since 
whereas we can normally build a machine to perform 
the deductive operations, an inductive one has been 
more difficult to build. However, there is now some 
reason to believe that a digital computer can be 
programmed to perform both inductively and 
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deductively, where its normal use in computation and 
control is deductive, so the model we need of a 
physical system may be in the form of an analogue 
computer. As a result, in automation it is perhaps 
digital computers and digital methods that more 
and more offer the best control facilities, and with 
inductive programming there seems no limit to what 
can be computer-controlled; and the systems con- 
trolled will involve those other stand-bys, servo- 
systems and their chief realisation in the form of 
analogue computers. 


Theoretical consequences of cybernetics 


We should perhaps mention, before we get to the 
real problems of practical interest, a few general 
points about the scientific and theoretical background 
of this work on cybernetics and operational research. 

In the first place, mathematicians and other 
scientists have spent a great deal of their time studying 
languages and games. The reason for this is simple. 
In language we find the usual communication 
problems which play a vital part in every aspect 
of our lives. In games we find characteristic social 
situations and problems arising, and they, of course, 
depend upon language. We must learn the rules of 
the games, and then the tactics, and this is exactly 
the way in which we organise any enterprise what- 
ever, and should not be regarded as an amusing 
but irrelevant study by mathematicians who live 
many floors up the Ivory Tower. 

There has been developed a branch of mathematics 

- very much a branch of probability, like Informa- 
tion Theory—wherein games of chance are analysed, 
with respect to, say, our economic behaviour, although 
again the model used can be applied, or extended, 
to cover any sort of situation whatever. From this 
point of view science can be regarded as a game 
against nature, and various optimal tactics have been 
worked out for the playing of such a game. These 
we would automatically use whenever we started to 
apply operational research, or our learning pro- 
grammes, to actual industrial situations. Similarly, 
science can be regarded from the point of view of 
translation of the coded language of nature, where 
we seek to discover the rules of the language and 
then apply the rules deductively. These two applica- 
tions are of fundamental importance to cybernetics 
and operational research. 

We shall mention an interesting result derived 
from mathematical logic which shows that any game 
— such as chess or draughts or noughts-and-crosses — 
if it must be completed in a finite number of moves, 
these must be capable of having a deductive pro- 
cedure. Logicians have called this a _ decision 
procedure; which means that there is a book of rules 
that says exactly how you should proceed to play the 
game and never lose. Games are not limited in 
interest since we can regard almost anything as a 
game, and we know now that if it is also finite it can 
be “machine played” — since this is surely the 
correct interpretation to place on the idea of playing 
from a book of rules. 

If we accept this criterion and agree that a deduc- 
tive process is certainly one that we might expect to 
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reproduce in a machinelike process, we shall not 
mean to imply that those processes that are not 
capable of being so mirrored are not capable of such 
a machine interpretation. 

Indeed, the history of automatic control systems 
and their application, suggests that we normally try 
and reduce what is primarily an inductive process — 
something for which no rule book exists — to a 
deductive process, so that we only have to build a 
deductive system to carry out the necessary operation. 
This does not, of course, bring out the other feature 
of the operation, which is that, however complex the 
process, it must be capable of being reduced to a 
series of simple steps. This is, in fact, a necessary 
condition both for automatic control systems and 
also for the ability to perform automatic computa- 
tions as they are carried out by the computer. 

Cybernetics will go ahead and define all systems 
— whether organic or otherwise — in terms of the 
models and theories which can be supplied for its 
predictive description, and from this point of view, 
it is claimed that living and non-living systems are 
not essentially different. They both involve com- 
munication and control; where to control a system, 
the possibility of communicating in the form of 
observing the existing state of affairs, and sending 
out a controlling message to change (if necessary) 
that state of affairs. Here we tend to emphasise that 
cybernetics is capable of supplying predictive models 
for the biological sciences, and we can leave it at that, 
except to add that much time and effort has been 
spent in this direction in building models and 
theories which are effective in reproducing every sort 
of empirical situation. 

Our last word on the theory of the subject is to the 
effect that certain specific techniques have proved 
very useful in our process of scientific model-making. 
We might mention such developments as information 
theory — which is the general theory of communica- 
tion between any two points whatever. Also stochastic 
processes, and particularly Markoff processes, which 
are the forms of statistical analysis that are most 
closely related to the description of empirical situa- 
tions involving human and other inductive systems. 
In this context we might mention mathematics 
generally and mathematical logic in particular, and 
perhaps Theory of Games and abstract algebra. 


Stochastic models 

Briefly, let us show a stochastic model and its 
importance. Consider a language which has only 
three symbols and here we choose such a language 
for the sake of simplicity. We could, as does the 
computer, use a language with only two symbols, 
or English which has 27, allowing one punctuation 
symbol. 

If our alphabet is made up of just three symbols 
A. B and C, say, then any sequence of symbols : 


ABBACCBBABCBACAA 


is a stochastic process, and we may associate a 
probability with each letter. If each has a probability 
of 4, then the three letters will tend to occur 
equally often. 


Now a Markoff process is a stochastic process 
where the probability of occurrence of one letter is 
conditional on the probability of the letter that 
occurred immediately before. So for the table : 


A B Cc 
A 2 4 
B 1 0 


0 
CG 3 3 3 
we may expect, starting with A, to find sequences 
like : 


AAABAABAAACAACCBABAAAC 


where the occurrence of the letter is dependent on 
the letter immediately before. If the source emitting 
these letters is said to be ergodic, then we shall expect 
a degree of homogeneity and series of letters will tend 
to repeat themselves. Indeed, we can build machinery 
that operates on these principles. Furthermore, we 
should regard a machine that operated in such 
Markoff process terms, where the probabilities in the 
table. changed with experience (by keeping a count) 
as a learning machine, and exactly what our learning 
programme aims to copy. 

Machine translation of language obviously fits in 
with these sort of models, and science generally fits 
in if we regard nature as an ergodic source. 

This aspect of our subject links up with informa- 
tion theory and whole ramifications which we have 
no time to discuss, but whose applications are only 
just beginning. 

This must suffice for a summary of the vast 
theoretical background to our problems, now to their 
most general practical application and some of their 
consequences. 


Science in action 


Perhaps we can divide the practical applications 
into three categories :- 

1. the engineering category with all the attendant 
difficulties of planning a factory at the floor 
level; 4 

2. the problem of organisation at all the various 
levels at which it occurs — this is probably the 
most important of all current cybernetic and 
operational research applications; 

3. the industrial psychological problem involving 
human relations; can we expect to create 
circumstances where a worker will get as much 
pleasure from doing his job as he does from 
playing his games, and if so how ? 

The first question is that of equipment. Our modern 
factory installs machines to improve the efficiency 
of the muscular output of man, and this it has done 
for years. It results in increased production, and 
increased efficiency in the sense of an article produced 
more economically. 

As far as the equipment problem is concerned, it is 
fairly well-known that one of our biggest current 
problems is in fitting the appropriate control to the 
mechanical system that is to be controlled. This 
problem has been brought into high relief by the 
fact that mechanical and control engineering have 
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largely developed on separate lines. The problem ot 
finding the suitable machine to control is largely a 
problem for engineers, and our only comment on 
this will be to the effect that we must remember to 
analyse exactly what it is that we are hoping to 
produce or achieve, and to remember that we may 
be able to achieve the desired end with a wholly 
different form of apparatus from that which we have 
conventionally used. This problem has two sorts of 
consequences to which we should draw attention. 

We may undertake to build an automatic control 
system to replace a human operator pilot; for 
example, we might proceed to build a system that 
simply does the work of the human pilot in his con- 
text as a pilot, therefore omitting many other 
abilities that he may have which do not bear on his 
flying skill. But further consideration will persuade 
us that this is where we need to rethink — in the 
words of John Diebold — the problem; it would, in 
fact, be grossly uneconomical to approach it by 
direct substitution of control. In the first place, the 
layout of the cockpit of an aircraft is explicitly 
designed around the human operator, with dials and 
pointer readings that appeal to the human eye, and 
controls that are designed for human arms and legs. 
These dials and controls are only specified ways of 
observing and changing the state of certain systems, 
such as the engines and their speed, and various 
engine states. This suggests that we shall, for our 
new automatic control, feed information about the 
different systems directly into control and make our 
modifications by linkages which are suitable to our 
servos, or computers controlling the changes. 


One important point emerges from this and that is 
that we have come to regard certain systems as being 
conveniently observed in terms of certain 
characteristics that lend themselves to easy 
representation on dials, whereas we might now con- 
sider whether we cannot discover new and perhaps 
better indices of the states of our various systems. 
The pilot’s eye scanning the surface of an aircraft will 
discover a fire after it has broken out; could we not 
find some index of the occurrence in the future of 
combustion and make direct use of such an index 
(such work has in fact already been carried out) ? 
All this implies the development of new technological 
methods that will accompany, and even make 
possible, the machinery of the future, where such 
machinery will be designed in terms of the control 
systems on which it will operate. 

As for control, we see already that digital methods, 
so successful in mathematical computations, have 
been developed to deal with mechanical outputs as 
well as mathematical ones. We see this emphasised 
in many new developments; among those best known 
are the Ferranti and EMI computer-controlled 
cutting machines. Analogue systems have, of course, 
also played a large part in such control. 

In terms of what we said earlier about inductive 
and deductive systems, it seems that existing digital 
control methods are normally deductive in their use. 
We should lay heavy emphasis on the fact that this 
does not need to be the case, since a computer is not 
a fully defined machine without its programme, and 
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experiments are now going forward on the use of 
inductive programmes which should prove of the 
utmost value in the future. The idea underlying this 
development can be described briefly. 


Computers 


A computer normally follows explicitly the instruc- 
tions that are put into its storage and these 
instructions are followed regardless of what particular 
numbers occur in the storage. With an inductive 
system, we shall let the instructions vary according 
to the nature of the inputs that subsequently occur. 
To draw the analogy with ordinary human behaviour 
we should want to say that the input was coming 
into the system all the time. In practice, we shall use 
the computer inductively wherever this situation is 
unavoidable. This reminds us that the uncertainty 
occurs under these circumstances precisely because 
we do not know in advance what is to occur in the 
input. We can reduce this case to the more unnatural 
case where the numbers may be stored and then 
operated upon in some order, and the instructions 
modified in the light of the items on which the 
instructions operate. 

More specifically, we shall have in our programme 
to specify certain designated input letters, so that 
the occurrence of. these designated inputs serve to 
reinforce or inhibit the combination of inputs that it 
follows. 

Then for the instructions to modify themselves in 
the light of “experience”, we must cater for the 
classification of information in storage so that the 
inductive and deductive consequences, as well as 
other patterns and relations bearing on what is 
stored, can lead to new generalisations (i.e. 
instructions). 

The detailed problems of the inductive machine, 
and actual programmes that have been developed, by 
myself and my colleagues at Bristol, and similar pro- 
grammes, particularly on many-valued logical 
programmes, by Professor Porter and his associates 
at the Imperial College in London, will lead to new 
special purpose computers, new programmes for 
general purpose computers, as well as the develop- 
ment of new digital, analogue and digital-analogue 


methods. 


We should notice in passing that this is a matter 
that is of as much interest to the biologist and the 
psychologist as to the production engineer, striving 
as he is to fight the economic problems of inflation, 
by the systematic applications of the unlimited 
resources of scientific endeavour. 


Logical nets 


I wish now to outline a special set of models which 
I have myself played some part in developing, and 
which I believe may be of special use, ultimately in 
supplying a universal language in which to construct 
verbal models; because we must remember that 
models are not to be thought of only in hardware 
but also as abstract sets of symbols — indeed, any- 
thing at all that can be given an interpretation or 
made isomorphic with a system that we wish to 
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describe or study. From this point of view, we would, 
for example, distinguish between marks on paper 
such as Q, 1, 2,..., +.—, and so on, and the 
interpretation that we place on these symbols as the 
familiar operations of arithmetic, and we call them 
Ze0O? ORC. -tWO. 4-3 “plus”, “ minus ” 
and so on accordingly, Normally we do not bother 
to make this distinction between the concept and the 
name of some symbols which refers to the concept, 
but it is this distinction that is necessary to the precise 
use of models and language — which we could 
regard as models for our thought — in science. 

We have now developed such a model for all 
possible computers and we should state straight away 
that in this respect it is slightly different from an 
earlier method for all computers by Turing. Turing 
constructed a theoretical machine which has since 
been called a Turing Machine and which was made 
up of a potentially infinite tape marked off into 
squares, with symbols So, Si,..., S, that are written 
on the tape, and the scanning and writing 
device that makes up the rest of the machine. 
It is capable of overprinting, moving to the left 
one square, to the right one square or stopping. 
The machine can be said to be in any 
number of different states, for which we use the 
symbols qi, q2, . - -; Gm and then a particular 
Turing Machine is defined by a set of quadruples, 
which are four symbols such as S,qy—>S, and which 
says ““when the machine is in state q, scanning 
symbols S, it will move one step to the right on the 
tape and scan symbol S, which is the next symbol 
printed on the tape”. 

With only four different such instructions and 
some special conventions for the input and output 
of numbers, such a theoretical computer can deal 
with any problem that can be handled by the full 
deductive use of any computer. 

It was in terms of the Turing Machine that Turing 
himself was able to show the class of mathematical 
problems that were solvable or computable by the 
most obvious of “machinelike” methods. Perhaps 
the most curious thing about his machine was the fact 
that he was able to show that it had great generality, 
and that. any other machine that could be designed 
for such computations was capable of being reduced 
to a computing machine of the Turing type. This is 
very much the same situation as with models of com- 
putations in terms of many-valued functions. It can 
be shown that there is no loss of generality in con- 
sidering only binary functions, since all problems 
involving more than binary functions can be shown 
to be reducible to the binary form. 

Turing Machines can be called infinite or 
potentially infinite automata. I will now turn to our 
more central case of finite automata. A particular 
form of finite automaton — another theoretical 
machine — can be described as follows. 

The elements of the system are the basic building 
blocks and these elements are connected to each 
other by lines that are divided up into input and 
output lines, where by convention we draw our dia- 
grams showing elements as circles and input lines on 
the left and output lines on the right. There are two 





different sorts of possible input lines which we call 
excitatory and inhibitory, and these tend to excite 
or stimulate on one hand, and inhibit the element 
on the other. There is only one output line which 
may divide into a number of different lines going to 
any number of different elements, but all must be in 
the same state at any instant: either carrying an 
unpulse or not carrying an impulse. Now each 
element has a number associated with it and this 
measures the sensitivity of the element and says just 
what the preponderance of live excitatory inputs must 
be over live inhibitory inputs to fire the element in 
question. 

Now we can divide our elements into three 
different classes, those that occur, conventionally, on 
the left of our diagram and without elements attached 
to their input wires — called input elements; those 
at their right-hand end and without elements attached 
to the output wires and called output elements; and 
the remainder which we call inner elements. These 
sets of elements taken together we call a network or 
net and it can, of course, be regarded as a model of a 
computer. We have described our computer in binary 
terms, without, as we have already said, any loss of 
generality. 

With these theoretical computers we can investigate 
the properties that any computer, or any control 
system whatever, may have. We can show, for 
example, the process of input, output, storage and 
arithmetical operations that make up the ordinary 
digital computer. - 

We can show simple properties of association in a 
net where messages can become associated with other 
messages in such a way that a message originally 
having a particular effect, now has a different sort 
of effect, or a new message takes on the same effect 
as an older message. 

In short, we can reconstruct all the characteristics 
of deductive machines and envisage principles such 
that any type of control can be investigated. How- 
ever, this is not the main interest that attaches to 
such work. The main interest is that we can now go 
on and show that inductive machines can be con- 
structed, so that general principles can be inferred as 
a result of conditional probabilities from a count of 
particular instances. This can be achieved in a 
variety of different ways, and we can realise in our 
machine any probability function whatever. This has 
naturally led to the realisation of certain statistical 
activities such as those represented by Markoff pro- 
cesses. This is the situation, already mentioned, where 
one event is followed by another with a certain 
probability. We can construct a computer which will 
operate on such a control principle, where the 
probabilities can be shown to change as the result 
of the counting operation of the machine. 

The power and effectiveness of this sort of model- 
construction process lies partly in the fact that we 
can define precisely each step in the construction of 
the machine by a mathematical logical formula. This 
means that there is a relation between our diagrams 
or drawings — real or conceptual — and a certain 
part of mathematical logic, and we know that for 
that part of mathematical logic there is an effective 
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process (sometumes called a decision procedure) which 
lets us know that anything that can be constructed 
within the confines of the logic can be constructed, 
in fact, however many elements are involved and 
however complex the ultimate relations. We should 
notice carefully that this means that we can draw 
up a blueprint, and suggest a method by which a 
paper machine may be constructed without giving an 
element-by-element description, but by the use of a 
general formula we can describe a machine that we 
know can be translated, if necessary, into a hardware 
machine. 

We have at Bristol built two of what we hope will 
be a series of computers to realise some of the 
principles which are implicit in the paper machine 
designs. T hese computers are themselves only stepping 
stones towards bigger and more interesting computers 
that will illustrate the inductive control which we 
have already been able to demonstrate in the theory. 
This sort of work parallels that of programming 
existing digital computers to learn, and these two 
techniques taken together must be seen as part of the 
effort to find appropriate control systems to 
control effectively any process whatever. Precisely 
the same features of motivation and storage have 
to be built into special purpose computers (both 
theoretical and hardware) as into the programmed 
general purpose computer. 

We should also mention, that our work in this field 
is by no means isolated; there are various efforts 
being made along the same lines, and the names of 
Drs. Grey Walter, Ross Ashby, A. M. Uttley, D. M. 
Mackay, Colin Cherry and many others besides, 
spring to mind as having made such models — or 
special purpose computers — and broadly speaking 
their motive has been the same as that stated here. 


Implications of these new ideas 


It was said recently by an American industrialist 
that nothing was so certain to bring economic disaster 
to a firm as a good scientific idea in the hands of a 
rival organisation. This same state of affairs is true 
of countries as much as it is of firms. At the moment. 
the scientific ideas underlying cybernetics and 
operational research represent some of the most 
powerful of all ideas for production. 

The methods of computation we have referred to 
are as important—if not more so from the engineering 
point of view—in the control of mechanical opera- 
tions as in the role of a standard computer, but our 
next set of problems places a different emphasis on 
the whole matter. 

In the immediate past the bulk of the efforts on 
automatic control systems (collectively called 
automation) has been located in engineering proper. 
and has depended on servosystems and other fairly 
simple closed-loop systems. This is all to the good, and 
latterly it has been increasingly recognised that com- 
puters could automate the office, with automatic 
filing systems, accountancy machines, and so on. But 
still insufficient emphasis has been placed on the 
broader organisational aspects of automation. This 
is the field where operational research and cybernetics 
meet. 
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We have already said that operational research is 
concerned with applying scientific method to any 
problem that does not come within the scope of the 
established techniques of science — a problem that is 
not reducible to a known type of problem in physics 
or chemistry, for instance. 

The methods are the methods of systematic 
common sense, aided by the concept of science as a 
methodology wherein we may separate the predictive 
theory from the model which underlies the theory. 
This construction of a model, therefore, while 
certainly an analogue process, is the basis of the 
subsequent predictive theory which can be derived 
and from which we can deductively order our 
problems, however large. The models which are used 
here will not necessarily be physical — in hardware 
— but in symbols, they will be logical models, and in 
particular, they will frequently be mathematical, 
often mathematical-statistical. A set of such model 
construction methods has been elaborated by the 
writer for use in almost any situation. This set of 
models was called the logic of empirical relations, 
and involved the mapping of the classical calculi of 
propositions, functions, relations and so on, on to 
the calculus of probability. This means that much 
that is now discussed in ordinary language is capable 
of more precise restatement in our model language, 
and thus by suitable choice of models to any degree 
of precision whatever. This at first sight seems to 
make problems intensely complicated and, indeed, in 
many cases it may. The important thing is that if 
we have complete precision of language the com- 
plication will no longer matter, since all our models 
can be put in a form where they can be handled 
by a digital computer. 

Let us now consider some of the applications this 
entails. We shall be hearing later of certain applica- 
tions from Mr. Harling, employing techniques not 
substantially different from these we are describing, 
and within the scope of operational research. How- 
ever, we may mention some problems where our 
techniques might be expected to yield dividends, 
first of all, in the organisation of any department of 
a large firm and, secondly, in the fitting together of 
the departments of these large firms, to make for 
overall organisation. 

It is well-known from existing work study experi- 
ments that a great deal of time is lost in operations of 
a sequential kind that contribute towards a total 
production line. This problem is partly a matter of 
communication theory, and the application of the 
mathematical theory of communication in such a 
context is strictly a piece of operational research. 
This has actually been done in certain organisations, 
where efforts have been made to trace all the 
connections in the information network, to see 
whether or not the information is adequate, suitably 
coded and properly timed. The lack of these facilities 
has been shown to be a common cause of organisa- 
tional inefficiency. 

Apart from information flow we might model all 
the neural-muscular responses made by all the human 
operators, or the operations of machines that are 
linearly connected in a production outline. We have 
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clearly to maximise the time flow, which might be 
slowed — as the ships in a convoy — by the slowest 
operation. 

But apart altogether from the problems of 
organisation for the maximum physical efficiency 
through effort, there are problems of a more obviously 
technical kind like those of production scheduling 
programmes, linear programming for economic 
problems, and so on. There is some hope that these 
are matters that might be handled by the con- 
struction of a suitable model and the use of a suitable 
computer programme. 

I would like now to turn to the third and perhaps 
most promising of all the possible developments, also 
I think within the domain of operational research, 
but also involving the use of computing machinery. 


We know that what we commonly call “ goodwill ” 
is more important than quite large differences in 
physical conditions that might pertain at any 
particular time. Industrial psychology, and 
particularly experiments such as the Hawthorne 
experiment in America, has shown the importance of 
factors of human relations, and we must remind our- 
selves quickly of these essential facts. There is a 
certain range of physical variables that will directly 
affect any human organisation, such as a factory. 
For example, the lighting, the hours of work, the 
salary, the various conveniences and social facilities, 
the holidays, all certainly make a difference to 
whether one accepts a job in a particular firm at a 
particular place. But overriding all these considera- 
tions to a surprising extent are the psychological 
variables. Let us quote a commonplace example. 

Recently there has been a great deal of argument 
about psychotherapies. Is it a fact that psycho- 
analysis improves the state of those who are exposed 
to it ? Indeed, are any psychotherapies effective in 
“curing” those people who we may all agree are 
sick — “ mentally sick” ? The answer is to try an 
experiment, and find a large group of people who 
have certain complaints, and divide them up in such 
a way that we have little groups that all show the 
same symptoms to about the same degree. Now use 
the various therapies on all but one group and leave 
that one entirely alone. Now compare results after 
some period of time. This experiment has been 
tried under somewhat limited circumstances, but the 
result seems to suggest that you will have at least 
as a good chance of recovery if nothing is done 
to you, as if you receive some form of therapeutic 
treatment. 

There is an obvious “twist” to the facts stated 
above. It is not possible to find the patients with 
approximately equivalent symptoms without carrying 
out a fairly careful analysis of all the people con- 
cerned, and it seems as if the mere fact of carrying 
out such an analysis improves many such cases. 


The Hawthorne experiment seemed to demonstrate 
exactly the same fact, that it is not — within certain 
limits — what you actually do, but it is the manner 
in which you do it that matters most to most people. 
It seems that affection and an interest being taken 
is enough to give almost every one of us a consider- 


able fillip, and make us exhibit the spirit of social 
co-operation necessary to any enterprise. 

This all seems easy enough, since it should not be 
impossible, once an employer has learned these facts, 
to apply them by ensuring an interest is taken in his 
employees; he may ensure that the contact between 
the different levels of his hierarchy of organisation 
is good, that the employer-employee relationship is 
everywhere personal. But this is not easy, due to the 
historical background of suspicion between employer 
and employee, because of the economic pressure that 
may leave very little scope for freedom of thought 
and action within the firm. However, this is certainly 
a matter that can be helped by operational research 
and cybernetics. 

If a firm gets too large and unwieldy, it tends to 
become impersonal. If we can find appropriate indices 
of impersonality, then we can ensure — subject to 
the engineering and transport requirement — that 
the firm is split up into smaller units and a suitable 
personal size is retained. But this example is only one 
of a host of examples that can be treated 
scientifically, where we mean the word “scientifically” 
in its very broadest sense to include all the psycho- 
logical variables as well as the historical background 
in which a problem should always be viewed; this is a 
characteristic of operational research. 

The process of operational research we have 
already described as involving the construction of 
models, and these final social and industrial models 
involve in the limit nothing less than whole collections 
of individuals from various backgrounds working 
together as a unit. 

We need to build a social-industrial model, which 
will suggest principles of selection and organisation 
for any firm. The size of the ultimate plan and the 
amount of detail needed is awe-inspiring and looks 
wholly incapable of being handled, and the answer 
to this is that under ordinary circumstances it would 
indeed be quite impossible to handle, but it is 
possible as long as we have the use of a digital 
computer. 

The problems of learning machines and learning 
programmes, the problems of linear programming, 
the problems of the scheduling of organisation at 
every level of the largest firms, are all particular cases 
of the more general problems that involve nothing 
less than the total organisation of any community or 
group. 

To make this possible we have to designate 
individuals by more than just a single-dimensional 
variable. We must decide — and this demands a 
study of our learning programmes — exactly what 
is the minimum set of variables that will designate 
any set of humans, and will allow for the predictable 
interaction in specified conditions. This way we can 
arrive at social indices, within which we can try and 
maximise the happiness, as well as the output, of the 
group as a whole. A study of such a system should 
also reveal the sort of person who should be selected 
for employment, those most suited to promotion, and 
so on. Not that it is intended to replace direct human 
observations and human considerations, but rather to 
facilitate them. 
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Ultimately the number of human operators will be 
replaced by machines, and again we might expect our 
programming to facilitate the changeover from 
humans to machines, by studying the human in a 
variety of different and characteristic situations. 
When the change is largely effected, this still leaves 
our social computer programmes as applying directly 
to the machine control systems themselves, since our 
cybernetic theory makes no essential distinction 
between machines and organisms. 

Programmes have already been constructed which 
aim to model social situations, stochastic models have 
been used to characterise the human being in social 
situations and these models could be used as the basis 
for a computer programme. Theories of learning, 
which are essentially the same, and theory of games 
can be also put in a computer programme form. 

From these more general programmes, can be 
extracted models which will mirror virtually any sort 
of organisational situation with, of course, the 
practical problem of eliminating wastage due to bad 
selection, and bad internal organisation, both in 
ordinary physical terms and also in psychological 
terms. 

Perhaps it should be stated explicitly at this point 
that the benefit of these operational research tech- 
niques are more in the attitudes they engender and 
the concepts they produce than in their immediate 
and particular application. Queueing Theory, set 
theory, recursive function theory, and all the other 
possible fields for models that we have previously 
referred to, are abstract models that can be used 
to represent different physical events by analogue 
techniques. But this use of models is only effective 
in the general background of rigorous scientific 
application. 

At the machine level, we shall expect the applica- 
tion of general theories, such as those which logical 
nets should produce as particular cases, the methods 
by which we may construct  self-maintaining 
machines and self-servicing machines, and machines 
for quality control. In general we might expect to 
model anything whatever, even to the extent that 
market research activities, and other sales activities 
and research, could be modelled and thus carried on 
wholly by machine. 

These are all general statements which can be 
proved at the theory level, but mostly need to be 
demonstrated at the practical level. Needless to say 
their application to particular problems may involve 
considerable practical difficulties, not the least of 
which will be that they are uneconomic to apply, or 
may be at any given time. 


Practical approaches 


If we are to make use of the very powerful 
weapons with which science is able to supply us, we 
must have practical experience of the situations to 
which they are applied, as well as the scientific know- 
ledge to apply. 

The biggest barrier to this application in the U.K. 
has certainly been in the relatively backward role 
of the technical college, and the inadequacies of our 
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educational system, especially in technical education, 
where there is a tendency to teach particularities 
rather than to give the general scientific training 
which is essential if we are to be able to make 
applications. This implies the urgent need to 
reconsider our educational system, and for industries 
to take very seriously the educational services they 
offer. Generality should be much more the aim in the 
future than it has been in the past. 


Apart from the various problems that the educa- 
tional process throws up, there are the practical 
applications of all we have said. How do we set 
about applying such knowledge ? The answers are 
so various that to generalise is now difficult, but 
we can say that the first step, granted the necessary 
knowledge of science, is to investigate any firm’s 
organisation from the broadest possible point of view, 
with the idea of constructing detailed flow charts 
for all the processes carried on, with a clear picture of 
where all the external inputs and outputs come from 
(and go to) and what this entails both economically 
and in engineering or other organisational terms. It 
is not reasonable to analyse and automate — in 
the widest sense we have been implying — any part 
of a system without a fairly good knowledge of that 
larger system, of which it is a part. 


From this picture we can abstract that part which 
lends itself most readily to replacement of human 
operators by automatic control systems, and _ this 
depends on what our control systems are capable of 
at any given time. Then this may also mean, taking 
automation again in its widest sense, the consideration 
of communication and other organisational problems 
within the department, or the firm, irrespective of 
whether or not automatic controls are to replace 
human operators. 

The larger picture is vital to this process, because 
there is little point in greatly improving the 
organisation of a section that is already one of the 
faster sections in a production line. 

Also we have to consider the effect on the rest of 
the firm if some part of it is made automatic, and 
not the least of these considerations is the effect on 
the human beings who are involved, whether or not 
they are displaced. 

This also suggests that we should always consider 
two vital factors; what changes are likely to occur 
in the foreseeable future so that we can show the 
maximum amount of flexibility in planning, taking 
only a certain minimum of things as fixed and making 
everything else easily changeable. And this leads to 
the second point: is it not possible to rethink a part 
or the whole of some production operation ? And 
if this is not possible all at once, then in what order 
should it be done ? Failure to rethink sufficiently 
to allow careful planning can seriously hamper an 
application of automation. Where smaller and newer 
firms are concerned, the planning-as-a-whole will 
automatically be a vital factor, but even here it must 
be elastic and facilitate change. 

In particular the first step for any department is to 
document carefully exactly what is performed, 
specifying the order of the operations in great detail. 
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This should lead to a detailed flow chart, which is 
something that could be coded into a computer pro- 
gramme. Then the programme, which may, in the 
limit, include human factors — where they are 
involved — will be examined with the simple idea 
of making it optimal, with respect to certain 
characteristics, of efficiency time, etc. 

These detailed analyses of operations actually per- 
formed have already been used to reveal methods of 
an improved character that increase production. Here 
though we are thinking of them as stepping stones 
to setting up careful programmes which will auto- 
matically compute wastage points and_ other 
weaknesses in the production situation. 

Finally, we might feel obliged to answer a possible 
criticism — and it is a very real one — to the effect 
that what has been said here offers really nothing 
new. Is it not already a fact that industrial psycho- 
logists have long worked on time-and-motion studies, 
economists and statisticians on linear programmes, 
and organisers tried to improve the facilities in any 
factory, and this most recently has been mainly in 
the consideration of automatic control replacing 
human operator control ? The answer to this is that 
while all these things have been done they have never 
represented an integrated effort to solve the problems 
of the factory or the production line all at once. 
It is not perhaps surprising that attempts to under- 
stand human behaviour, the human nervous system 
and the other systems of the body have increasingly 
emphasised the need for seeing the problem as a 
whole, and it is this method that seems essential to 
follow up in the future. 

Granted that we must analyse and then re- 
synthesise every aspect of an _ industry, and 
continually do this, and provided we use logical and 
scientific methods in the way I have been describing, 


will it not be the case that the problems will be far 
too big for us to handle ? After all, attempts to 
solve the production scheduling for batches, for 
example, is seen to be exceedingly complicated, and 
not one that a logical programme could readily 
handle, and yet this is only a small part of the bigger 
picture. The answer to this is that we are certainly 
suggesting the systematic and wholesale use of 
scientific models, we are certainly suggesting the 
possibilities of new programming techniques in the 
application of computers, where digital computers are 
increasingly being used as simulators of various com- 
plex systems. The trick is to partition our problems 
from our large scale scheme of things in such a 
manner that although all the individual problems 
are stated in a separate handleable form, they are 
nevertheless structurally related to all the other 
problems that lend themselves to a computer pro- 
gramme. This means that we shall not be considering 
one set of computer results independently of other 
computer results; this really implies the use of a 
common language and, therefore, a common model, 
for all our organisational problems, and one aspect of 
this is the use of automatic machinery to do jobs 
previously done by human beings. 

To supply these models is: the next step, and here 
we have mentioned the various models that have so 
far been worked on, often with quite different under- 
lying motives. Logical nets, stochastic and other 
statistical models, and computer programmes, both 
deductive and inductive, might be mentioned here; 
what unifies them all is the theory-model approach 
to scientific method and it is the application of this, 
as much in changing our attitude towards problems of 
production, as anything else, that represents the big 
possibility inherent in cybernetics and operational 
research. 





“ SELLING IN WORLD MARKETS ” — concluded from page 609 


The Chairman pointed out that a lot of people were 
scared of the problems of exchange and so on. They had 
been so busy dealing with their home market that they had 
not been prepared to face difficulties, some of which were 
only in their own imagination. 


The President (Lord Halsbury) said that for a small 
country which might be exporting only a small proportion 
of its product, the total number of people required to make a 
success of it was relatively small. The U.K. exported 20% 
of its manufactures on an average, and up to 40% in some 
classes. Were 20% - 40% of our best people assigned to the 
job ? If not, was it because they couldn’t be spared ? He 
did not know the answer to such questions. 


Dr. Hague said in some ways there could be quite a 
difference between sending British equipment to, say, British 
Borneo and Venezuela. A background of usage of British 
materials —- maybe with little or no American competition 
— was on easier export ground than where the Americans 
had the “inside track”. In Venezuela, for example, British 
and American oil companies were working alongside one 
another — comparisons were naturally keen. 


Mr. Hughes said he was very much struck with the rate 
of increase in exports to the United States in recent 
years. It had gone up by leaps and bounds. This might 
justly be attributed in some measure, he thought, to the 
fact that for 10 years now there had been a special effort to 
send exports to the dollar countries, particularly the United 
States. People had really taken a lot of trouble to develop 
their exports to that market, 


Dr. Hague asked Mr. Hughes if he could say what 
percentage of this upswing in <. exports could be 
attributed to the automotive industry — he thought it must 
be quite large. He went on to say he had been pleasantly 
surprised at the success British cars had had in recent years 
in the U.S.A. 


Mr. Hughes said he did not remember the exact figures 
but cars had certainly come up enormously in the last year 
or two. 


The Chairman said he was surprised more people did 
not go to the dollar countries referred to by Sir John 
Taylor, the countries of Latin America. They were so much 
easier to get into than the United States and they were not 
only extremely friendly, but very profitable. It was 
unfortunate that they had been neglected. 

The Chairman, in bringing the meeting to a close, 
expressed the view that the Forum had been very satisfactory. 
Clearly there was great interest in the subject. and the 
questions had been of an extremely high quality. 

He thanked the members of the Forum and expressed the 
hope that they would not feel their time had been wasted. 
What they had said would be read by many members of the 
Institution and other people in due course and would, 
therefore, reach a very wide audience. 


The President (Lord Halsbury) thanked the Chairman 


on behalf of the Conference for presiding with so much 
grace, charm and affability over the proceedings. 
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Operational 


Research 


Case Studies 


by John Harling 


Presented at the Production Conference, Olympia, on I5th May, 1958. 


1. Introduction 

The main purpose of this Paper is to give a few 
examples of the application of operational research 
methods to practical industrial problems. The 
examples are preceded by a brief outline of the nature 
and scope of operational research. 


Lastly, operational research is placed in the context 
of related fields. 


2. Scope of operational research 


Most definitions of operational research fall under 
one of the following heads :- 

1. formal definitions; 

2. historic definitions; 

3. definitions by techniques used; and 

4. by types of problem studied. 

In the writer’s view. none of these definitions is 
satisfactory. 

Probably no formal definition of a living field of 
study is possible. What, for instance, is History ? 
Such definitions tend to be too broad to have any 
meaning or else too narrow to be true. Morse and 
Kimball 1 define Operational Research as the pro- 
vision of a quantitative basis for management 
decisions, but if this is so then every accountant is an 
operational research worker. Again, operational 
research is defined as the application of the scientific 
method to business problems. While this definition 
recognises the difference between using science in the 
laboratory and using it in new fields, it is a somewhat 
restricted one. 

At the first international conference on Operational 
Research held in Oxford last September, the 
American delegation were greatly preoccupied with 
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defining their subject. On the other hand, the British 
delegation preferred to describe what they had done. 


The term “ Operational Research” was coined in 
this country during the War. A good account of the 
wartime work is given by Blackett 2. However, it is 
doubtful whether any clear impression can be gained 
from a historical survey of Operational Research, 
although Trefethen 3 gives a useful summary of post- 
war developments, and Goodeve 4 gives perhaps the 
best connected account of British work in the field. 
The trouble with historical definitions is that they 
cannot avoid losing themselves in a mass of detail. 

Many attempts have been made to define 
Operational Research in terms of the tools it uses. 
This is surely the worst way of all, because it con- 
fuses means with ends. Thus Operational Research 
becomes identified with Linear Programming, with 
the Theory of Games, or with the study of Waiting 
Lines. As in any practical subject, the problems faced 
by Operational Research should be allowed to create 
the techniques, and not the other way round. Other- 
wise, the operational research worker will tend to 
force his problem into the mould of what he already 
knows and, therefore, to ignore the factors which 
dominate the problem he has to solve. 


Gunther5 gives an amusing illustration of the 
results of this ‘cookbook’ view of Operational 
Research; not only is such a view disastrous in 
practice, but it is quite foreign to the ways of science. 


An account of problems studied is perhaps open to 
fewer objections than any of the above. These 
problems can to some extent be classified (see Section 
3), and provided that the list is not regarded as 
being exhaustive, then it does give a rough working 
definition of the subject. 
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However, such a list is really no more than an 
inventory of work currently being done, and cannot 
help to define the boundaries of Operational 
Research. 

My own opinion is that Operational Research is 
really a point of view. When people trained as 
mathematicians or scientists come face to face with 
the operating problems of a business, then Operational 
Research is what happens. The techniques are 
necessary, and the scientific method is necessary ; but 
what seems to characterise Operational Research is 
the coming together of the man with his background 
and the problem. 

Section 3 outlines how this has worked out in 
practice. 


3. Types of problem currently studied 
Problems currently studied fall under the following 


heads :- 

1. control of stocks and production scheduling; 

2. programming and allocation problems; 

3. waiting line and congestion problems; 

4. miscellaneous problems, e.g. tender bidding, 

determination of price structures. 

We emphasise that any listing of problems cannot 
hope to be exhaustive. The field of Operational 
Research is expanding rapidly. Therefore, any such 
list is no more than a statement of achievement up 
to the present. 


control of stocks and production scheduling 


When a company holds stocks — whether of raw 
materials, in-process parts, or finished goods — it has 
already decided to invest working capital in giving 
service to its customers. If the company holds no 
stocks, then its customers will have to wait for the 
goods they need. On the other hand, the company 
can obviously over-invest in stocks; it can provide a 
level of service to its customers which is prohibitively 
costly. Between these two extremes there lies a best 
level of stock-holding, and the main purpose of an 
operational research study of stocks is to determine 
what this level is. 

The manufacturing company must also decide the 
most economic way to make its products: should the 


company have long runs on a single product, or 
should it try to make many different products in a 
single day ? 

These questions have been widely studied by 
operational research workers. Two examples in this 
field follow. 

A company packing goods for consumer re-sale 
maintained a large warehouse containing a wide 
variety of packaging materials. These included many 
kinds of cardboard carton, many hundred different 
labels, and an assortment of bottles, caps and con- 
tainers, amounting in all to some 3,000 items. All 
these items were bought by the company from out- 
side manufacturers. Most items were used every week, 
the amount used depending upon the production 
schedule for the week. 

There were two sources of uncertainty: first. 
delivery times from outside suppliers were uncertain. 
An item might take 10 weeks to arrive or it might 
arrive in five weeks, or perhaps in 15. Second, the 
amount of the item used each week by production 
was also uncertain. The problem was this : how much 
stock of each item ought to be held in the warehouse 
to keep the chances of running out of stock down to 
whatever level the Board of Directors might 
prescribe ? 

Examination of past delivery times into the ware- 
house showed that these times followed the normal 
distribution. Appropriations from the warehouse were 
made every week in terms of some number of 
standard factory lots. These appropriations were 
found to follow the Poisson distribution. 

Tf the lead-time t has a frequency function f (t), 
and the conditional probability of a withdrawal of 
more than u; units in time tis p(u>ujlt), then: 

oa) 


p(u>uj;) = frau ried 


— 
~ 


is the unconditional probability of a withdrawal 
greater than u; during the lead-time. Knowing the 
two distributions on the right-hand side of the 
equation, p(u>u) can be calculated and so a 
protective stock level set which will secure that the 
probability of running out of stock (during the 
delivery time) is kept down to any chosen level 
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A simple computing routine was developed for 
evaluating this probability in such a way that what- 
ever level of protection was chosen by the Board 
could be translated into definite amounts of stock 
for each item. The company had previously main- 
tained a “blanket” policy of a fixed number of 
weeks’ sales as protective stock. This amount was 
clearly too much in the case of “ bread-and-butter ” 
items, and far too little for items whose weekly 
appropriations were uncertain. A study of the actual 
distributions, therefore, secured that protective stocks 
were correctly allotted across the whole range. 

Lastly, the results of the study were explained to 
the Board, and the computing routine reduced to a 
simple computation sheet for use by the company’s 
clerks. This last stage of translating the results of an 
operational research study into practical terms is of 
crucial importance. Not only must the work be 
explained “upwards” to the Board, but also 
“ downwards” to the people who will have to put 
it into routine use. 

The next example is of a combined production 
scheduling and stock control study. 

This study was undertaken for a medium-sized 
company in the light engineering industry. A wide 
range of products was made involving the use of high 
cost capital equipment. The company’s practice was 
to run their factory as a job shop. That is, no 
finished stocks of goods were carried and production 
was geared directly to customer demand. 

Long down-times were incurred in many of the 
heavy machines when changing from one product to 
another. These setting times could amount in some 
cases to the loss of a whole day’s production. 

The purpose of the study was to design production 
scheduling and stock holding methods to secure the 
following :- 


(a) the Board’s policy on service to customers 
would be carried out; 

(b) production to be scheduled in accordance with 
this policy; 

(c) consistent with the above, production to be 
scheduled at minimum cost. 


The main costs involved in the study were those of 
carrying finished stock on the one hand and lost 
production time due to machine change-overs on the 
other. Some difficulty was found in measuring these 
costs, but a range of possible costs was obtained from 
the cost accounting department. 

In reaching the objectives defined in (a), (b) and 
(c) above, the following stages took place :- 


(i) sequencing the products to incur least change- 
over cost; 

(ii) finding optimum batch frequencies; 

(iii) finding optimum batch sizes; 

(iv) designing of control rule to secure that stocks 
did not wander from the chosen levels. 


Consider four products, A, B, C and D. Associated 
with every transition or change-over within this group 
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there is a downtime cost. For example, the transition 
Ab might entail four hours’ downtime; the 
transition B—>C, two hours; C-—D, six hours; and 
D—A, eight hours. The problem here is to find the 
permutation of the products which secures that the 
transition costs are at a minimum. 


This is a theoretical problem of some interest and 
has not been solved in the general case. However, 
in this study the form of the matrix of transition 
costs was such that a “least cost path” could be 
found through it by inspection.. 


batch sizes 

Large batch sizes mean low change-over costs per 
unit time but high stock costs. Conversely, small 
batches secure that low stocks are held but entail 
frequent change-overs. If the change-over costs and 
stock costs are both known, we can determine the 
optimum batch size. An important point is that these 
optimum batch sizes are not critical. Deviations from 
the optimum value, especially on the higher side, do 
not make much difference to the total costs incurred. 


Optimum batch sizes were determined for the range 
of products manufactured by the company. 


batch frequencies 

As it stands, the elementary treatment of optimum 
lot sizes cannot be applied to the scheduling of many 
products in the most economic manner, owing to the 
importance of correct sequencing. To get over this, 
methods were developed for determining for each 
product how often a batch ought to be made. An 
expression was derived, depending upon the sales 
volume of the product, on the ratio of stock cost to 
change-over cost, and upon the level of customer 
service required. This expression was used to deter- 
mine how often each product should be made. For 
example, for certain values of the cost ratio and the 
sales volume it was proved most economic to make 
the product every week: in other cases, every two 
weeks, in some cases, every four weeks, and so on. 
Optimum sequencing, as just described, can then be 
worked out, and the batch size for each product 
calculated. 


control rule 

In addition to specifying correct stock levels, we 
must also ensure that deviation of actual sales from 
forecast does not cause stock levels to wander away 
from the chosen values. A feed-back control rule was, 
therefore, designed so that stock level errors could be 
fed back into production to keep the system stable. 


presentation to the company 

The final presentation consisted of a simple account 
for the Board of what had been done, plus a detailed 
operating manual for the company’s continuing use. 


benefits of study 
These may be summarised as follows :- 


(a) a direct saving in production time of £40,000; 











(b) a true control system — that is, not only could 
the company’s service policy now be accurately 
carried out, but provision was made to ensure 
that this continued to be so. 


programming and allocation problems 


The second important class of problems which have 
been widely studied by operational research methods 
is that involving the allocation of resources. Typical 
of these would be the following: given a company 
with several factories making many different pro- 
ducts, how much of which product should be made 
in which factory ? Related to this are linear pro- 
gramming problems. 

Although linear programming has received wide 
publicity both in this country and in the United 
States — and in the minds of some, is identified with 
operational research as a whole — the method is of 
restricted application. A brief example of a linear 
programming problem follows. 

A company manufacturing animal food mixes 
required to know the least cost composition of a set 
of mixes which would satisfy the dietary requirements 
laid down. These requirements are of the form “not 
less than x per cent. albumen”, “not more than y 
per cent. of some other ingredient”, and so on. 
Various components are available, each containing 
a known percentage of one oer more of the dietary 
requirements. The object of the programme is to find 
the least cost mix. 

This is a straightforward linear programming 
problem. There were enough components and dietary 
requirements to justify solving this problem on an 
electronic computer. The machine found the least 
cost solution in about six minutes, whereas hand 
computation would have taken about two weeks. 
Trial and error methods previously used by the 
company had failed to find the least cost mix and a 
saving of around 5°/ was obtained by the linear 
programming solution. Since the company made a 
large volume of the food every year, this saving 
amounted to a considerable sum. 

Classical linear programming methods are of 
restricted application, not so much because of the 
linearity requirement, as because they do not take 
account of inter-action between ingredients. 


waiting line and congestion problems 

These problems have been studied for many years 
by mathematical statisticians. Early work was centred 
on finding the capacity of telephone exchanges so as 
to keep peak hour waiting time down to whatever 
value was desired. Subsequently, this work was 
extended to a variety of congestion problems. 

Any waiting line problem has the following 
ingredients :- 


(a) a distribution of arrivals; 


(b) a distribution of service times; 


(c) a queue discipline (e.g. “first come, first 
served ”’”); 
(d) a number of service points. 


Provided that the forms of (a) and (b) are known, 
that (c) is fairly simple, and that (d) is specified, the 
problem can be solved theoretically. Examples of such 
solutions are given by D. G. Kendall 6, R. R. P. 
Jackson 7 and others. Solutions are available under a 
wide range of assumptions as to the arrival and 
service time distributions. However, deviations from 
the simplest queue disciplines cause serious analytical 
difficulties, and in these cases, a simulation method 
is to be preferred. The use of simulation is best 
explained by means of an example. 

The purpose of this simulation was to discover the 
most economic level of pier wharfage facilities to 
provide for barges bringing grain and removing 
finished milled products from the same group of 
wharves. Clearly, if insufficient wharfage is provided, 
then barges will have to wait and incur demurrage. 
On the other hand, if an over-investment in wharfage 
capacity is made, then there will be long periods 
during which the piers are idle. Any calculation 
based simply upon the mean arrival rate of barges 
will inevitably fail to take account of the bunching 
which takes place in the arrivals. This bunching will 
lead to periods of time during which barges must 
wait for a wharf, and also periods during which 
wharves are waiting for barges. Both of these 
eventualities cost money, and it was therefore 
required to determine what the most economic level 
of investment in wharfage facilities might be. This 
level cannot be calculated from a knowledge of the 
average arrival rate alone. 

In addition, due to restricted loading and un- 
loading facilities, not every type of cargo could be 
handled at every wharf. 

This problem is clearly of the waiting line type, 
and required the following distributions for its 
solution :- 


1. distribution of arrivals per unit time: 
2. distribution of alongside time. 


It is required to find the response of the system in 
total waiting hours per year, when the system is 
subjected to a plausible range of future arrival 
densities of barges. The control variable is the 
number of wharves. 

A year’s data on arrival times and alongside times 
were examined, and although some scheduling of the 
barges was attempted, the arrival distribution was 
found, according to the x? test, to be Poisson, and 
the alongside time to be almost normal. A first model 
was set up which ignored the berthing constraints 
with the purpose of testing in situ whether the actual 
arrival and service time distributions generated the 
same number of waiting hours per year as the 
theoretical distributions to which they belonged. 

A small experiment was designed as shown in the 
table below : 


Experiment | Arrival Service Time 
1 | - A 
2 | yy | T 
A | fl 
4 | A | A 
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where A denotes the actual arrival or service time 
distribution and T the corresponding theoretical one. 

Each experiment was run and replicated five times. 
No significant difference was observed between 
experiments 3 and 4, nor between experiments 1 and 
2. From this, it was concluded that the normal 
distribution was an adequate representation of the 
facts. On the other hand, there was a 1.5 to 1 dis- 
crepancy in waiting time between experiment 2 and 
experiment 3, and also between experiments | and 4. 
This indicated that although the arrival distribution 
appeared to be indistinguishable from the Poisson one 
in terms of the yx? test, it nonetheless failed in the 
context of the problem to represent the true state 
of affairs. This last discrepancy underlines the need 
for a careful examination of the components of the 
model before putting it together on the machine. 

The waiting time generated by the theoretical 
arrival distribution in experiment 1 was consistently 
larger than that of experiment 4. The inference to be 
drawn from this was that some vestige of the 
scheduling process from the docks up and down 
stream remained in the pattern of arrivals, which 
were in some sense “ess than random”. ; 

It was therefore decided to apply controls to the 
Poisson arrival distribution, in order to generate the 
same amount of waiting time in experiment 2 as had 
been produced by the actual arrival distribution in 
experiment 3. The details of this control mechanism 
need not concern us any further here, but it was so 
arranged that the experiment 2 waiting time lined 
up with that of experiment 3 over the necessary range 
of arrival densities. 

A forecast of future arrival densities was obtained 
from the company and the barge operators, and the 
completed model, with berthing constraints built into 
it, was run for various arrival densities and various 
numbers of wharves. 

By this means, it was possible to relate the cost of 
investment in wharves to the expected total waiting 
time of the barges at various arrival densities. 
Provided that the unit cost of waiting and the unit 
cost of a new wharf are both known, then the most 
economical level of investment in wharfage at any 
given level of arrival density can be calculated. 

In addition to experiments of the Table, an in- 
vestigation was made of the effect on total annual 
waiting time of the standard deviation of the service 
time distribution, keeping the same arrival distribu- 
tion. Although, as expected, the total waiting time 
depended sensitively upon the mean of the service 
time distribution, it was quite insensitive to changes in 
the standard deviation over a 2 to 1 range. This 
result was somewhat surprising, since one feels in- 
tuitively that the occurrence of a small number of 
very long service times should affect the total waiting 
time considerably. The traffic intensity of the system 
was close to unity, and so this result becomes even 
more surprising. 

It is felt that small deviations from true random- 
ness in the arrival distribution may be fairly common 
in industrial problems, because there is usually some 
scheduling of arrivals attempted. This is a question 
which should be of some interest to theoreticians. 
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4. Relation of operational research to other 
fields 


We noted in Section 2 that operational research 
was characterised by a point of view, rather than by 
its techniques or the problems studied. The point 
of view is that of the scientist called upon to use the 
habits of thought of his discipline in new contexts. 
However, the mere use of scientific methods, even in 
new fields, would not be enough to distinguish the 
operational research worker from, say, the business 
statistician. 

The really distinguishing feature of the operational 
research worker in industry is his view that the 
operations of a business as a whole are a valid subject 
for scientific study. The tools of this study are 
seldom original; in the examples of Section 3 frequent 
use was made of the methods of mathematical 
statistics, and of various ideas taken from several 
branches of science. Nor are the problems them- 
selves very new; the need for correct investment of 
working capital is as old as business. But to treat a 
company’s stock investment as a natural phenomenon 
needing exact investigation is new. 

The view that business operations can be studied 
like physical systems in the exact sciences means first 
of all that theories, or abstract models of the opera- 
tions can be constructed. A model in this sense is a 
simplified abstraction of a real system to which 
formal mathematical properties can be attached. Just 
as the Bohr atom was an abstract model of the real 
hydrogen atom, so models of stock or of a production 
process can be constructed and their properties 
worked out. And as the Bohr model was used to 
predict the Rydberg constant, so the models of 
operational research are used to predict the response 
of real business operations to prescribed conditions. 

However, the purpose of this Paper is not to 
stress the differences between operational research 
and related disciplines. The subject has points of 
contact and areas of overlap with several other fields 
— especially where techniques and methods are 
concerned. Some of these relationships will now be 
described. 


cost accounting 


Costs are needed in nearly all operational research 
studies. In finding best stock levels, the costs of 
carrying stock must be known; in_ production 
scheduling, the cost of production change-overs must 
be specified. The task of measuring these costs does 
not really fall upon the operational research worker. 
Cost accounting has been concerned for a long time 
with measuring variable costs, and with means for 
controlling them. The cost accountant and the opera- 
tional research worker should therefore work closely 
together. 

One might say that the cost accountant designs the 
measuring instruments upon whose readings the 
operational research study largely depends. 


work study 


Let us not argue over definitions. In this Paper, 
work study is taken in its narrow meaning of 
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.neasuring work. We must note, however, that in 
some people’s view, work study and operational 
research are the same. 


As with costs, the results of work study are often 
invaluable to operational research. For example, a 
work study of the learning process may be needed to 
find the cost of increasing production by hiring new 
operators. In some ways, work study is an input 
datum to cost accounting just as cost accounting is 
to operational research. 


econometrics 


This is a theoretical subject in its own right. It 
differs from operational research insofar as it is 
occupied with the economy as a whole, whereas 
—- operational research studies the individual 

rm. 


computer programming 


The simulation of Section 3 showed how some 
operational research studies may involve the use of 
electronic computers. Should the operational research 
worker himself know how to program one or more 
machines ? The question is not easy to decide. As 
long as programming remains an art or a skill, and 
a skill acquired on a single machine, programming 
is probably best left to professional programmers who 
know their own machines well. The advent of pro- 
gram assembly routines is beginning to take the force 
out of this argument. As a general rule, a man should 
program his own problem if he can do so without 
doing it badly, and without losing sight of his 
problem amidst the idiosyncrasies of the machine. 
Assembly routines help him to do this; up to a point, 
he can assemble his program in blocks and leave 
the rest to the machine. 


The plain fact is that many programmers have no 
idea of the nature of operational research problems, 
and tend to see them as occasions for showing what 
their machines can do, rather than as_ problems 
calling for solution. On the other hand, an opera- 
tional research worker is often handicapped — 
especially in simulation problems — by his ignorance 
of short ways of doing difficult operations on the 
machine. 


Here, again, is an example of the need for 
collaboration between the operational research worker 
and a man in another field. 


To sum up, we have in this country several 
different sets of people who are working in related 
areas. In general, these sets are disjoint : no member 
of any set is a member of any other set. Thus 
theoretical statisticians are developing tools for 
solving waiting line problems without perhaps 
knowing what the practical problems are, nor how 
computers can help with them. Many programmers 
know nothing of mathematical statistics, and have 
little contact with practical problems. Business itself, 
concerned with practical problems, knows very little 
about either the uses of theoretical statistics or the 
capabilities of computers. 


Conclusions 


We have treated operational research in this Paper 
under these main heads : 

1. types of problem studied; 

2. methods used; 

3. as a point of view. 

Many problems studied by operational research 
workers are identical with those of the business 
statistician. Whenever statistical methods are applied 
to the operating problems of business it surely does 
not matter whether we call it operational research, 
business statistics or anything else. 

However, there are some problems in which 
statistical methods are applied not to operations but 
to an analysis of the past: for instance, in market 
research surveys. Conversely, not every operational 
research problem involves the use of statistics : linear 
programming is a deterministic technique. 

By definition, the tools of the business statistician 
are those of statistics. Of these tools the operational 
research worker makes extensive use, although in 
practice he is more often called upon to use the 
simple ones rather than the refined ones. For instance, 
the stock control and production scheduling studies 
described in Section 3 used nothing more sophisti- 
cated than the elementary properties of normal and 
Poisson distributions. 

I do not want to raise in this Paper the question 
of how probability theory is related to statistics. The 
operational research worker is concerned with both. 
However, he relies more often on results from 
probability theory, perhaps because he is more 
interested in crude guesses about the future than in 
precise inferences from the past. 

Nearly all processes in business involve uncertainty : 
deliveries of raw materials into the company, the 
day-to-day behaviour of production, the volume of 
sales per unit time. Wherever uncertainty occurs, the 
methods of statistics and probability theory can be 
applied. Thus the methods of operational research 
and business statistics are mostly the same. 

A definition of operational research which I have 
kept to the end of the Paper is the following: 
operational research is research into operations. This 
involves the research process as the means, and the 
operations of business as the subject of study. 

The research process as such is not committed to 
giving an answer to a question in a finite time. No 
one knows what is going to happen next in research. 
How then can the operational research worker be said 
to use the processes of research, since he is required 
to provide an answer to his problem before it is too 
late ? I think the answer to this question is to be 
found in the historical origins of operational research. 
The question put to the early workers was not: 
“what is the best way to do this ?”, but rather: 
“can you find a better way quickly ? Give us that, 
and then we may be able to give you more time to 
find a better way still — perhaps even the best one ”’. 


FOR REFERENCES SEE PAGE 652 
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CYBERNETICS, OPERATIONAL RESEARCH 
AND AUTOMATION 








DISCUSSION 


Chairman : 
H. Wilmot, C.B.E., 
Chairman of The British Institute of Management 


PENING the discussion Mr. Blackwell said he under- 

stood from the example given by Mr. Harling that the 
average figure was 15 and the standard deviation 5. Did 
the standard deviation apply to all commodities or was it 
just a rough average? If it was an average, was it not 
important to note whether some commodities of factory 
equipment deviated considerably in the warehouse from the 
overall average ? 


Mr. Harling replied that the figure was computed 
separately in each case. In answer to a further question, as 
to whether the figures obtained were consistent with the 
average the standard deviation, Mr. Harling said that 
they were not. The average was not taken: each distribution 
was computed separately. 


Mr. Blackwell said it was stated in the Experimental 
Education Journal that if children were taught logic 
directly, a very considerable improvement could be obtained 
in their reasoning powers. There was a 40.5 standard 
deviation after three months’ logical training. Since Dr. 
George had said so much about induction and deduction, 
would he back up that finding ? 


Dr. George said he had always had the impression that 
it was true, but he could not quote any instances to confirm 
it. In other countries where abstract algebra was taught to 
children of 6, 7, 8 or 9, they had shown themselves extra- 
ordinarily efficient at manipulating abstract ideas. This he 
would take to be confirming evidence, but a great deal 
more experiment would be necessary. The difficulty was 
largely connected with the particular children on whom the 
experiments were made, and the public feeling against 
experiments of this kind, especially on the part of the 
parents concerned. 


Mr. Blackwell said the children who were being taught 
logic were elementary, not secondary, children. 


Dr. George said he would have thought there was a great 
deal to suggest that this was a good tendency. Perhaps 
more important overall was that the mistake had been made 
of teaching particularities too much rather than generalities, 
in all education and especially in this country. 


Mr. Jones said that the stock model covering the running 
out of stocks at a particular time was a fairly straight- 
forward exercise. The difficulty was to assess how much it 
would cost to run out of stock and not to be able to 
supply within a given period; in other words, how to 
assess the cost of being able to supply this afternoon or 
tomorrow morning. 


Mr. Harling said that in general companies were reluctant 
to specify what was the cost of running out of stock. It was 
for that reason that it was taken in terms of the level of 
protection. 

What one could do was to say that the present policy 
corresponded with some particular valuation of the cost of 
running out of stock. This was a subjective matter and at 
any rate at the moment one did not know how to quantify 
it, This was why that particular approach had been followed. 
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Mr. Jagger asked whether he had correctly understood 
Mr, Harling to say that the problems which could be 
treated under operational research were restricted to the 
four or five general types he had described. 


Mr. Harling replied that he had said exactly the opposite. 


Mr. Murray, referring to stock input frequency, asked 
how far back it was necessary to go to obtain a reasonable 
figure for distribution, Going a long way back, had the 
company’s stock policy changed over that period : ? 


Mr. Harling said it was always a problem to decide how 
large the sample should be. If it was small, the advantage 
was that it was likely to be homogeneous, but purely from 
the statistical point of view little information could be 
extracted from it. If, on the other hand, it was large, it was 
useful from the point of view of mathematical statistics, 
but it might well be non-homogeneous. It might relate 
to a time in the past which did not reflect present conditions. 
One had usually to examine the data and take, say, some 
period under a year. One would probably go on increasing 
the sample until it failed to pass the necessary test for 
homogeneity. That was a possible method. 


Mr. Murray asked whether there was any way of 
estimating the standard deviation. 


Mr. Harling said that there was a large literature on 
this subject. Dr. Cox had done a lot of work in the field. 


Mr. Novelsky asked Dr. George if he could give as 
simple an example of problems treated in cybernetics as 
his example of the scientific method of studying shops in 
Bath 


Dr. George said the question was whether one could 
give any simple example of cybernetics. He would have 
thought questions about cybernetics were 64 dollar questions. 

One example though was to decide how the human 
brain worked, As Mr. Harling had said, he had made his 
computer behave like a human being in deciding the input 
of ships and the waiting time. It was necessary to decide 
how much information was wanted to start with and how to 
classify and store it. The position of the input in storage 
was important. How a decision was made at a particular 
instant was the result not only of the input received at 
that instant, but also of the state of the storage at the same 
instant, and of the fact of the storage deciding at that instant 
what the output should 


Increasingly, one had tried to set up a functional picture 
with the idea of constructing a model that worked in 
much the same way as a human being in making decisions. 
Hence, the difference between cybernetics and operational 
research. Whether it used a general purpose digital computer 
suitably programmed or a special purpose computer, especially 
made, did not matter. The question was how to arrange 
the instructions so that the output of the machine became a 
function of what was in store. 

One of the most interesting problems was concerned with 
the organisation of storage and the queer fact that there 








was some sort of instruction enabling human beings to draw 
deductions and inductive inferences from the general infor- 
mation put into their storage systems, perhaps at the same 
time or during quiescent periods when they were not 
dealing directly with input information. 


This led to a general attempt to construct a model in 
simple ettective terms, operational terms, for human 
behaviour; in the initial stages functionally. This was the 
problem with which Dr. Grey Walter, Ross Ashby, Uttley 
and others were concerned, It was, he would say, the most 
important single problem in cybernetics. 


Mr. Harling pointed out that his model was deductive 
rather than inductive. It was stochastic and remained 
deductive. No learning process was involved. 


Dr. George said he had only drawn attention to the fact 
that Mr. Harling was turning a general purpose computer 
into a special purpose computer by suitable programming, 
and then using it as an analogue of another system. 


Mr. Millington said he would like to refer to work in the 
field of management decision, The theories and techniques 
described were very fascinating, but by the very nature of 
the work it must be expensive. He wondered whether there 
was many cases where it could be justified in view of the 
uncertain nature of the information fed in. 


Did one know, for example, just how the pattern came 
in? In the question of which came first in the queue, it 
did not usually continue for many days or weeks, as one 
would like it to do. There were many things that might 
wreck the otherwise perfectly accurate calculations which 
had been made. 


Mr. Harling pointed out that if there was no uncertainty 
in the system there was no need in 9 cases out of 10 for 
operational research. One used methods of mathematical 
statistics constantly, but if there was no uncertainty there 
was no need for them. Secondly, it was true that, for 
instance, queue disciplines and problems changed, but the 
computer model could be amended accordingly. 


Mr. Broome said he did not belong to a_ technical 
branch but he was concerned with the constant experiments 
and research in the aircraft industry. New models were 
always being made and the cost must be very high. He 
would like to know how much this was costing the nation; 
it was his impression that a lot of money was being wasted 
in experiment and research in the aircraft industry. 


Mr. Harling regretted that he did not know. 


Mr. Jones said that no mention had been made of 
optimisation. He was prompted to ask, with regard to 
queueing, whether it would not be possible to route tankers 
to some other port. 


Mr. Harling said that in that case the refinery would 
not get the crude oil it needed. 


Mr. Duckworth asked Mr. Harling who, in his opinion, 
should be responsible for operational research ? 


Mr. Harling said there were various possibilities but 
the problem had not been solved yet. At the Philips 
Company in Eindhoven, a very large company with sub- 
sidiary companies in different countries, the operational 
research group reported to the Board. Over and above that 
in the subsidiary companies there was a small “ splinter ” 
from the main group whose job was: 

(a) to pass back potential operational research problems 
from the subsidiary company to the main company; 
and 

(b) to ensure that any work done by the main group 
was carried through into effective practice in the 
subsidiary group. 


He had a feeling that the impact of operational research 
on existing management structures was not really under- 
stood at the moment. It would have to be’ faced soon in 
this country. 


Mr. Burdett, referring to the examples given by Mr. 
Harling, asked whether the investment, or possibility ot 
reinvestment, of money tied up in the stock when the 
method chosen did not involve changing over production, 
was also taken into account. 


Secondly, the management decision had reference to the 
making of models, but surely the circumstances could 
change completely and this would necessitate a completely 
new model. Would this not be true of many problems to be 
tackled by operational research and would not the model 
have a very limited life ? 


Mr. Harling replied that everything had a limited life, 
especially in science. There were three things that could 
happen to a model after some interval of time. It could 
remain adequate; it could be inadequate to a point where it 
had to be modified; or it might have to be abolished and 
another created. 


Fortunately, it was found in many operational research 
studies that the half-life of the model was usefully long. 


Mr. Millington asked where his ego came in if the 
machine could be made to do anything the human being 
could do. He assumed it worked inductively and not 
deductively. Was Dr. George serious about this ? 


Dr. George replied that he was quite serious. However, 
he assumed that would not be regarded as a satisfactory 
answer. He was sorry about Mr. Millington’s ego, but the 
facts would appear to be fairly well founded, and one had to 
get used to them. The possibility of deductive systems was 
relevant, but he did not want to break into that question at 
the moment. 


There seemed to be a great deal of evidence to suggest 
that there was no obvious operation which human beings 
could perform that machines could not be made to perform. 
The line taken was that a mathematical theory could be 
developed whereby a machine could evolve in the same 
way as a biological system. This was mainly developed, by von 
Neumann and others at Princeton, because people criticised 
the general statement that there was nothing the human 
being could do that the machine could not do. 


Turing dealt with the same point in some of the earlier 
Papers. It was clear that there were some operations that 
could be done more competently by a machine than by a 
human being, and no doubt this had a similar effect on the 
ego. But the fact remained. No one was going to build a 
human being, he supposed, but the result of the theory was 
that there were particular applications of which Mr. 
Harling’s was one, and only one, for there were a lot of 
others, which were going to affect the organisation of 
society. 


Mr. Simons asked whether any operational research work 
had been done on guiding and predicting the result of 
research problems. 


Mr. Harling said that some work had been done. It 
was not precisely on that subject, but attempted to relate 
the creativity of research scientists to the circumstances in 
which they found themselves. This was the only work even 
remotely related to the subject of which he knew. 


Dr. George said that one of the objects was to produce 
machines which would perform the same inductive opera- 
tions as human beings. It was true that in large branches 
of mathematics, wherever a possible decision procedure 
existed, the machine was more effective in utilising it than 
the human being. There was some reason to suppose that 
new branches of mathematies and science would be 
systematically explored, and that generalisations would be 
formulated by machines as efficiently as humans, if not 
more so. 
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Mr. Bledstone said with regard to. the theory and 
problems of queues, he was associated with Mr, Henry 
Ashcroft’s work on the number of machines per operator. 
His mathematical work seemed to be of more general 
applicauon than the specific problems to which it was 
addressed, but it seemed to have disappeared trom the 
literature. Was this because it was inadequate or because 
better theories had evolved since ? 


Dr. George said that he knew the Paper but he did not 
know why it had disappeared from the literature, and why 
its influence had not spread. 


Mr. Fawdry said that the design of a model entailed 
an impact on real situations. Could he be guided as to the 
actual journal which dealt with some of these problems and 
was called Impact; where could he find such information ? 


Dr. George replied that the Impact of Science on Soctety 
was a Unesco publication concerned with social, scientific 
and historical problems. 


Another speaker referred to information issued in August, 
1957, he believed in The Times, which contained a full 
summary of Papers on queueing, including some by Cox and 
Bennett. 


Mr. Fawdry asked whether these methods had been 
applied to transport problems — depots, routes, frequencies 
and so on. 


Mr. Harling said this was a particular case of linear 
programming and there was an extensive literature. 


Mr. Novelsky asked whether there was any guide to the 
literature on operational research and cybernetics, so that i 
one had a problem one could find out whether a similar 
problem had already been solved. 


Mr. Harling said there was no guide. There were 
journals such as the Operational Research Quarterly, 
the Journal of the Operation Research Society of 
America and one or two textbooks. One should keep away 
from the “ cook-book ” point of view in operational research. 
No two problems were exactly the same in his experience. 


Dr. George said that the International Institute on 
Cybernetics would be publishing later this year a complete 
bibliography on cybernetics which would give every 
reference to cybernetics and operational research up to the 
end of last year. This might be a starting point. It would 
not be a cook-book but it would be a guide to cook-books. 


The Chairman said it was his pleasant duty to thank 
the two lecturers very warmly for providing such excellent 
mental material. He did not propose to give a summary 
of the meeting, but only to throw a couple of spanners into 
the works, 


It might be possible to make machines act in the same 
way as human beings. It might be possible to determine 
many things scientifically and produce mechanical answers. 
In the long run, it was surely people one was thinking 
about. In the long run, one must recognise that 757 
of all industry in this country was concentrated into units 
of less than 100 workpeople, Many of these units would 
have neither the imagination, education or financial capacity, 
or the managerial vision to benefit by the blessings of 
mathematica] science in these particular forms. He would 
leave it to the two lecturers and the audience to decide 
whether this meant that these poor folk and they 
were 75 of the industrial population were going 
willy-nilly to be sponged off and a machine was going to 
do the work for them; that was to say, whether industry was 
going to be agglomerated into enormous and possibly de- 
humanised units. He did not like the thought. 


In the long run, science had to be the handmaid and 
could never be the taskmaster. Science must serve humanity 
and humanity’s desire for happiness, for full living. And full 
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living did not necessarily mean the understanding of complex 
and mathematical formulae. 


Those were surely the objectives of all serious work 
in all serious fields, and he hoped nothing the two lecturers 
had said would lead anyone to suppose otherwise. 


He would also like to suggest that however mechanised 
one became, there was a certain glory in craftsmanship. 
There were wonders of the world which were beautiful not 
because they were mechanical, and one must try to preserve 
the balance and keep a reasonable view of life and all its 
wonders, 


He was an ordinary business man, not a scientist or 
a mathematician. He had come to the present meeting 
partly out of a sense of inquisitiveness, because he had 
heard learned gentlemen both in this country and overseas 
talk on the subject of cybernetics and operational research. 
They had always left him somewhat bewildered. He 
had also come out of a sense of duty as Chairman of 
the British Institute of Management. He had _ had 
a sort of crinkly feeling down his backbone that it 
might be exciting. He was very glad that he had come, 
because he was left with a sense of excitement in a more 
practical way than before. These two gentlemen had given 
him something that opened up a future which in many 
ways, properly controlled and balanced, was tremendously 
exciting. But although he was glad, in some ways, that he 
was an old man, he could wish that it might be possible 
to get a machine to reproduce himself so that he could 
go on for ever, 


In thanking the lecturers, he would also thank those 
who had contributed to the discussion. 


The vote of thanks was carried with acclamation. 





OPERATIONAL RESEARCH 
CASE STUDIES 





REFERENCES 


1. P. M. Morse and G, E. Kimball — ‘“ Methods of 
Operations Research”. John Wiley, New York, 1951. 


2. P. M. S. Blackett 
April, 1948. 


3. McCloskey and Trefethen —- “ Operations Research for 
Management’. Johns Hopkins, 1954. 


“ Advancement of Science”, 5, 


4. Sir Charles Goodeve, JORSA 1, 166. 1953. 

5. Paul Gunther. JORSA 3, 219. 1955 

6. D. G. Kendall. Ann. Math, Stat., 24, 338, 1953. 
7. R.R. P. Jackson. JRSS B 18, 129. 1956. 











a review of 
teaching techniques and 


teachers 


by GORDON F. HIRD 





* 


Mr. Hird was educated 
at Altrincham Grammar 
School, Cambridge 
University, and Exeter 


University, and has had 





experience in tron and 
steel, engineering, and a_ nationalised industry. 
He entered education seven years ago and for 
the past four years has been Senior Lecturer tn 
Management Studies at the Newcastle College of 
Commerce. He is now mainly concerned with 
courses in management development and work 
study. 
In 1957, Mr. Hird was one of a group of eleven 
Europeans invited by the E.P.A. to visit centres in 
the U.S.A, to study the organisation of courses in 


business administration and methods of teaching. 





MANAGEMENT TRAINING 
EN: pene. Re S.2k. 





URING the past 50 years, training for manage- 

ment has become an accepted activity in the field 
of education in the U.S.A. The movement, which was 
already firmly established before the Second World 
War, has gathered momentum during the past 
decade. Management is not a profession, to the extent 
that every man and woman with an executive 
position has a nationally accepted qualification; but 
an increasing number of managers at all levels have 
either a degree which includes at the minimum a 
number of subjects in business administration, or 
have passed through one or more of the many short 
courses being offered. 


In this movement the formal centre for higher 
education, the college, was early in the field and by 
the turn of the century three colleges in America had 
accepted management as a study worthy of serious 
consideration. By the beginning of the First World 
War, 30 colleges had introduced departments con- 
cerned with business administration. Today the 
colleges with degree courses can be numbered in 
their hundreds, the degrees obtained annually in their 
tens of thousands, and the students attending at any 
one time in their hundreds of thousands. They range 
from the famous such as Harvard and Cornell, with 
their exacting standards, to the lesser known ones 
which set their sights lower. It is difficult to compare 
these colleges with educational establishments in the 
U.K. In many the intellectual standard compares 
favourably with the standard required for an 
honours degree in Britain; at others the standard is 
far lower. But as will be shown later, most schools 
of business administration in America are concerned 
with many skills and abilities, and not merely with 
the intellect. 


In addition to providing courses leading to degrees, 
about 50 of the leading colleges have management 
development programmes for established executives. 
These may be anything from one day to one year in 
length and may cater for the junior manager or the 
managing director. They may have the aim of 
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inaking a man more effective in his particular field, 
for example, salesmanship or industrial engineering, 
or of giving the senior department manager the skills 
and knowledge he will need as a general manager. 


Although most of the work being done in the 
U.S.A. is full-time and during the day, many of the 
colleges organise work in the evening leading to the 
award of degrees. To obtain a degree this way may 
involve 10 years’ of successful study. Lecture courses 
are also organised for executives seeking specialised 
knowledge, and who have only limited time to spare. 
As with colleges concerned with evening education 11 
this country, many problems are faced in this field 
and the wastage rate is high. 


Industry itself is also actively engaged in “ in- 
plant management training and there are probably 
309 to 400 firms running well defined programmes. 
As with management, development programmes in 
college courses can have different aims and can vary 
in length. One or two of the leading firms in the 
U.S.A. have research sections which are engaged in 
fundamental management problems. The work being 
done at the Bell Telephone Laboratories in New 
Jersey is of this type. 


Management training is provided by various groups 
of individuals and firms working in association. One 
of the best known is the American Management 
Association, which is a non-profit making body 
centred in New York. The Association attracts to its 
many courses each year over 60,000 established 
executives from industry, commerce, the Church, 
Government bodies and the armed forces. These 
courses are of fairly short duration, ranging from onc 
day to one month, and classes vary from large to 
small, according to the work being done. 


As will be appreciated, the above is a somewhat 
perfunctory survey of the organisation and scope ol 
courses in inanagement training in the U.S.A. How- 
ever, it indicates the amount of work being done and 
the way in which management training 1s accepted 
as an unportant part of the American scene. It is 
established and it is respectable. There may be dis- 
agreement about its scope and who should undertake 
it. but industry and commerce are fairly unanimous 
on the need for management training of some type. 


variation in techniques 


Given such a wide range of activities in the 
management training field, as might be expected 
there is great variation in the teaching techniques 
used. Further, most American teachers aim further 
than giving information and training the analytical 
minds of their students. They are concerned with 
developing such specific managerial attributes as the 
ability to work with people, the ability and willingness 
to make decisions, the development of integrity and 
a sense of responsibility for the chosen vocation. These 
factors alone would encourage the development of 
teaching techniques of a range and type far beyond 
what the aims of a more conventional course might 
demand. 


654 


The formal lecture method, that is, when a 
lecturer comes in at a specific time, talks for his 
allotted 45 minutes or more and then departs, is 
seldom used at all in the U.S.A. in the management 
field. An approach of this type might be seen only at 
the opening or closure of a course. Most American 
teachers would agree that with this method there 
is too great a gap between the teacher and the taught 
and that, with some exceptions, the material of the 
lecturer could be better derived from the printed 
word. Also, the formal lecture followed by questions 
from students and discussion is seldom employed, and 
then only when a visiting speaker is talking on his 
specialist field. 


the “ interrupted ” approach 


The “interrupted” lecture approach is used a 
great deal on courses. With this method, a teacher 
covers one aspect of a course and then is either asked 
questions or invites comments. It is possible that an 
‘interruption”’ comes every 10 or 15 minutes 
according to the subject, the attitude of the teacher 
and the interest of the class. This technique, which 
is the usual method found in British technical and 
commercial colleges, is probably more used in the 
U.S.A. than any other. 

However, there is a wide range of techniques in 
the U.S.A. which are unlike those usually found in 
the U.K. The student often takes a very active role 
in the classroom and the success of a technique may 
depend on this student participation. One such 
inethod that has become internationally known in 
inanagement training is the case study method, which 
is used almost exclusively at the Harvard Business 
School of Administration, probably the leading college 
concerned with management training in the U.S.A. 
A case is either a real or “armchair” report on 
one aspect or more of a firm’s activities and may 
cover information on production, finance, develop- 
ment and design or sales. The paperwork describing 
the case is usually from 5 to 50 pages in length 
and includes all the relevant documents. For example, 
a production case might give details about the plant 
and equipment, statistics on output and costs, and 
verbatim conversations of the people involved. 

Students first discuss a case informally in groups 
of about 10. There is no attempt to get a group 
attitude, but this gives them the opportunity both to 
formulate and express their views. Students in 
residence may do this preliminary work on the day 
before the class meeting in the rooms of one of the 
group; married students living in nearby Cambridge 
are often obliged to cut things finer. When the full 
class meets there are up to 80 men in the group in 
classrooms where the seats are arranged in tiers. Most 
full class sessions last | hour 20 minutes. During a 
typical week in the 32-week year, which is divided 
into two terms, a student studying for the M.B.A. 
degree has to cover about 20 cases from the Harvard 
library of 20,000. In addition he is doing a certain 
amount of written work on cases. His first main class 
meeting may be at 8.40 a.m. and it is often midnight 
before he is through the informal sessions and pre- 
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pared for the following day. As can be seen the 
pressure on a student is considerable, but it is con- 
sidered that he is being prepared for a_ stern, 
competitive world and this is his apprenticeship. 


During the main class session the teacher guides 
discussion on the case, summarises stages, questions 
and probes, and brings students to a point of decision. 
He does not interject his own views and does not 
give a “correct answer” at the end of the case. 
Although no two lecturers have an identical approach, 
there is a Harvard philosophy and most of the 20 
or so sessions I observed followed a similar pattern. 
As a result of students keeping in the same seats, 
and the teacher having their photographs and names 
in front of him, he is able very early in the year to 
wield complete control over what to British teachers 
would appear to be a very large group. The class 
session is seldom dull and in spite of the large num- 
bers about half the students participate. American 
students often base their arguments on _ practical 
points. In one case which involved a type of camera 
a student, who wanted to make the point that the 
firm should spend more on research before it expanded 
its sales campaign, brought a camera into the class- 
room, took photographs and passed them round the 
group, in order to emphasise his comments. 


the case study method 


The aim of the Harvard Business School is to 
develop those qualities which are essential in success- 
ful administration, and this it believes can best be 
done with the case study method. In particular, case 
studies are meant to achieve three objects : 


1. To develop the decision-making aspect of 
management in a student. To achieve a 
decision, evidence has to be marshalled and 
then subjected to a man’s close analysis. When 
a student makes a decision it is tested against 
the ideas and views of his fellow students. 
Having to reason and make a case before such 
a critical group is in itself a training in 
management. 


2. ‘To create as near a business situation as can 
be done in the classroom. It is a manager's 
apprenticeship, and just as a trade apprentice 
is taken through certain graded steps so are 
management students, for the information and 
knowledge involved in a case, whether it be 
accountancy or production engineering, is in- 
creased during the period of a course. 


3. To create a situation where the burden of 
learning is on the student and from which he 
himself can develop useful generalisations. It 
has been said that Harvard is “happier if 
students find out for themselves a_ principle 
which has been known for 50 years, rather than 
discover a brand new principle ”. 


The critics of the Harvard approach claim that a 
student has no exercise in discovering information 
it is all there or not available, and this lack of action 


is not typical of the business scene. Further, it is said 
that many students have only glanced through the 
case and try to pick it up as they go along, and that 
the people who have read it tend to dominate the 
others. An additional criticism, which, of course, can 
be levelled at all classroom teaching of this type, is 
that it does not represent an actual business situation 
as there is an absence of real responsibility. 


To the best of my knowledge, it is only at Harvard 
that the case study method is used in the way that 
has been described. Harvard states that this “ pure” 
case study approach is not of value on short courses 
and that a number of weeks may have to go by 
before the student is reacting in the way they wish. 
An additional point that could be made is that it may 
be only really successful with students of the calibre 
Harvard is able to attract. 


Case studies compiled by Harvard are sold to 300 
other establishments interested in management 
training and these are used in a variety of ways. 
At another leading college in the U.S.A., Harvard's 
case studies are used for about 30°/, of the teaching 
time, with other techniques completing the classroom 
sessions. In the case study classes, groups would 
generally be smaller than at Harvard and _ there 
would be much stronger participation by the teacher. 
with criticism at the end of the period and an 
* answer ™ given. 


A technique which claims to have the advantage 
of the Harvard case study method and also to 
develop training in asking the right questions, which 
the originators, Paul and Faith Pigors, feel is a vital 
attribute in a manager, is the Incident Process 
Method. They believe that this method combines 
analysis and action, encourages the student to avoid 
snap judgments and develops a respect for facts, as 
well as the ability to work with others. 


the Incident Process method 


Each incident session lasts about two hours and 
there are five main phases. First, a written incident 
of a situation involving a human problem is handed 
out to the 20 or so students, which is considered to 
be the best number. The incident in 50 or 100 words 
gives brief details about a situation that has arisen 
and the student studies it with the aim of deciding : 
What is going on here ? What is the issue ? What 
facts do I need before getting down to making 
decisions ? 


This phase lasts about five minutes and then 
students ask the group leader for any further informa- 
tion they may require. The stress is on eliciting facts 
from the leader what ? where ? when ? who ? 
how ? and not on evaluating. The team leader 
gives information only when he is asked for it, and 
this may be in the form of verbal answers, or if it 
involves agreements and reports it will be in writing. 
From his own and other people’s questioning a 
student builds up his own case, just as it is considered 
he would do in practice. The experience of Professor 
Pigors is that a group of senior executives “crack a 
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case” in 30 questions — at the rate of four questions 
a minute; undergraduates take considerably more 
questions. 


At the end of this phase one student summarises 
the facts of the case as they appear to him. Students 
dislike doing this and there is often disagreement as 
to what has been said a situation which isn't 
unknown in industry. The summary is the bridge- 
head to decision-making. The main issue in the case 
and the sub-issues are clarified and students make a 
written decision on each issue and give their reasons. 
These written decisions are passed to the group 
leader and sorted. It is usually found that the 
decisions on the main issue can be placed under one 
of two or three headings — in a situation the 
alternatives might be to dismiss the man: to suspend 
him : to do nothing. Students with the same decisions 
are segregated and sent to separate rooms where they 
each elect a spokesman to develop the group's 
strongest case. The aim in this fourth phase is to 
show that a group’s case is invariably better than that 
of any individual. When all the students are together 
again the spokesman from each group presents his 
case to the main group. 


In the final phase students are told what happened 
in practice. A general discussion is then held on the 
session. Were enough facts obtained ? Were some of 
the questions asked superfluous ? Was the decision 
right on the evidence available ? What have we 
learned from the session and what principles can be 
drawn from the case ? 

The Incident Process Method is of much more 
limited scope than the Harvard approach or the 
approach developed by organisations using Harvard 
cases. However, in this more limited field it can be 
argued that it does tend to give a fairly accurate 
reproduction of the business scene, to the extent of 
stressing the need of asking the right question and 
getting the facts before coming to a decision. 


the Living Case method 


Another technique which is used at the School of 
Business Administration at Washington University in 
St. Louis is the Living Case Method. The aim of this 
approach is to bring problems facing the business 
community at the time into the classroom and to 
give students the stimulus of dealing with actual 
situations. 


The first step is to find a firm willing and able to 
Having overcome this hurdle, it is 
probable that the firm’s first contact with students is 
through one of the company’s executives presenting 
information on the history, the major policies and 
operations of the organisation. This is followed by 
reading material on annual reports, policy manuals, 
employee handbooks and other company materials 
which can be gone through at the students’ leisure. 
Before this background period is completed, students 
may be taken round the factory and office and shown 
the physical situation. 


co-operate. 
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The next stage is a panel discussion by a group ot 
the company’s executives and general management, 
sales, production, finance and personnel may be 
represented. During this discussion current problems 
and policies are brought to light, and from this 
information and questions answered students build 
up their own case. Later, the class and the teacher 
work together analysing the information they have 
received. 


Each student writes a complete report on_ his 
appraisal of the company studied. His detailed report 
covers the company as he sees it, an analysis of the 
problems and the steps he recommends should be 
taken. This final report is seen by the teacher and 
whenever possible by the executives of the company, 
who comment on it. 


It is claimed that for young college students the 
Living Case Method has most of the advantages of 
studying written cases, and much is gained by using 
up-to-date situations and problems which are 
currently being solved. The student has a _ better 
learning experience when he is required to seek out 
facts in discussion with business executives, in obser- 
vation of company operations and from written work 
supplied. Further, the student has the experience 
of dealing with business executives and gaining an 
indication of their “know-how”. Two difficulties 
of the Living Case Method that come to mind are 
that there is the problem of obtaining satisfactory 
firms to co-operate, and then ensuring that executives 
are really giving facts and not merely their inter- 
pretation of the situation. It might be mentioned that 
the industrialists taking part find it a stimulating 
experience to have to present information and then 
to justify their actions and decisions when questioned 
by students. The Living Case Method is used only a 
small part of the time on courses at St. Louis. 


Business War Games 


Of the various courses organised by the American 
Management Association, one of the most interesting 
is the Business War Games course for executives. The 
aim of the course is to develop the decision-making 
aspect of management. Most executives learn decision- 
making by practising it on the job. But this has its 
limitations as few specialists, for example, have the 
opportunity to make decisions on an_ overall 
company basis, and this course has the senior 
executive in mind. Further, few executives have the 
opportunity, once having made a decision, to see the 
effects of it, and to be able to consider whether it 
was a good decision, and if not why. In the A.M.A.’s 
Business War Games course, teams of plavers, who 
are in competition with each other, make the basic 
decisions of the kind that face every top manage- 
ment and see the results immediately. The game is 
specifically designed to provide conditions under 
which a few hours of concentrated decision-making 
under pressure will simulate years of business 
experience. 


In the game, players are divided into four or five 
teams of companies. All companies are assumed to 
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be manufacturing the same product and only that 
product. The game opens with a distribution of the 
initial operating statements to the teams. The report 
lists such factors as the company’s total assets, number 
of units of plant capacity, unit cost of production, 
price of product, opening inventory, cash in hand, 
and percentage of a given market controlled by each 
company. Each team is given a fixed amount of 
time to make its decisions for the coming quarter. 
These include such factors as additional plant invest- 
ment, research and development, production costs 
and the price to be charged for its product. In 
addition to their basic decisions the players can buy 
market research information and sell plant to raise 
cash. 


At the end of the first decision period, the marked 
sheets are collected and turned over to a key punch 
operator. One punched card for each team is fed into 
an IBM 650 electronic computer, which in about 
24 minutes computes the effects of every team’s 
decisions on every other team’s position and punches 
out a deck of output cards. These cards are processed 
through an IBM 407 printer, which prints the 
quarterly operating sheet for each team. These 
reports are distributed and after reviewing its per- 
formance during the last quarter each team makes 
fresh decisions for the next quarter. 


Students in the War Game face problems like those 
met by top management in daily business. They are 
forced to do strategic planning. They have to decide 
— Should we spend on research and development ? 
Should we try for high volume at low margin, or 
turn out a high quality product at a high price ? 
Are we going in for price cutting? The game 
demonstrates the complexity of running a modern 
business and it is hoped that it makes the point that 
management by rule of thumb is no longer the most 
effective way of controlling. 


These techniques are only four of the approaches 
being used in management training in_ the 
U.S.A. There are others, including the Consultant 
Case approach at Indiana University and the Project 
approach at Massachussetts Institute of Technology, 
which are unfamiliar in England; as well as some 
that are to be seen over here, such as syndicates. 


teaching techniques 


It is difficult to describe teaching techniques with- 
out at the same time saying something about the 
teacher. It would seem to me that the place of the 
American full-time teacher of management differs 
greatly from that found in the U.K. The American 
teacher has often one foot firmly placed in industry, 
as well as one in education through consultancy work. 
There are a number of advantages that can be 
claimed for this approach, 


It can be argued that it encourages first-rate 
executives to transfer from the industrial to the 
educational world. American management teachers 
are probably relatively slightly better paid than their 
counterparts over here. As there are no national scales 








for teachers in the U.S.A., it is not possible to give 
precise figures. However, from investigations con- 
ducted by the American Association of University 
Professors and from the reports of the United States 
Office of Education, it appears that at the present 
time salaries range from $7,000 to $20,000 per annum 
for a full professor, and about one-third of all 
college teachers have this designation. (To put these 
figures into perspective the earnings of production 
workers in manufacturing industries are in the region 
of $4,000 per annum.) The pay of the professor will 
depend on the institution, his own ability and his 
length of service. However, an exceptional man with 
a skill which can be used by industry or commerce 
may double or treble his academic salary by con- 
sultancy work. In other words, education has a 
financial carrot to offer to some of the most able 
executives in industry. 


additional advantages 


Additional advantages which can be claimed for 
encouraging consultancy work are that industry has 
more faith in courses taught by people who practise 
what they preach. If a teacher is able to improve the 
efficiency of a concern, then top management will be 
more favourably disposed to releasing people to 
attend courses. He is, in fact, acting as a salesman for 
the college he represents and building a link between 
the educational and the industrial worlds. And, 
lastly, it can be said that a man who is constantly 
refreshing his experience in the field is a_ better 
teacher. A man who has recently introduced a new 
layout, or a time study scheme, will be a more 
stimulating teacher than a man who draws his know- 
ledge from a book or*his experience gained in the 
dim, distant past. 


The American college teacher has usually between 
a 6-hour and a 12-hour teaching week and 9- or 
10-month year. Indeed, for a college to be accepted 
as a member of the American Association of Business 
Schools, teaching hours have to be limited to 12 
hours a week, which is reduced for teaching to senior 
students. Further, in most colleges the teacher is 
adequately supported by laboratory and secretarial 
assistants, who relieve him of the need to be a 
mechanic - cum - shorthand typist - cum - telephone 
operator, and enable him to concentrate on the work 
for which he is appointed. 


Visual aids and the equipment used are usually of a 
high quality. At a centre like the A.M.A., each room 
has a sound projector, artificial light only is used 
and windows are blocked out to sustain concentration, 
and in the main lecture hall a teacher may have a 
trailing microphone, a “ vu-graph ” and pre-prepared 
summaries, which appear almost as if Heaven-sent 
from the ceiling. In other countries dealing with 
undergraduates facilities are seldom on this scale, 
but the atmosphere is often congenial for adult study 
and there is an absence of petty restrictions. For 
example, smoking is usually allowed during classes 
and there are breaks from time to time when students 
can obtain refreshments. 








As in the U.K., a number of bodies in the U.S.A. 
employ part-time teachers from industry and com- 
merce. It is very difficult to generalise, but there is 
every indication that executives in the U.S.A. feel a 
sense of responsibility for the local college, and are 
more willing to give their services in this way than 
often happens in England. An interesting point is 
that part-time staff are usually paid less than full- 
time staff for teaching at a particular level. 


As may well be appreciated, this survey of teaching 
techniques and teachers cannot claim to portray 
accurately the whole of the American scene. There 
are so many courses and so many different techniques 
in use. To see them all and to gain an insight into 
their methods and aims would take considerable time. 
Further, the status and work of the teacher varies 
appreciably from centre to centre. However, un- 
doubtedly some factors appear constant. There is in 
America a basic belief in management training and a 
close connection between industry and education, in 
which the teacher plays a key role. There is, too, 
the receptiveness of educational bodies to new 
teaching techniques and the conditions necessary for 
their application. 


What, if anything, can we in Britain learn from 
American experience ? It can be argued that there 
is a direct connection between the level of efficiency 
and the satisfaction to be gained by all involved 
in industry, and the standard of management. 








Further, that though some of the abilities required 
for management cannot be trained by any course, 
many of them can. That though job knowledge and 
experience are, of course, essential and can never 
be replaced, other abilities are required for effective 
management and satisfactory training can equip a 
manager with some of the tools he will need. 

There is at the present time an ever-increasing 
interest in management training in England, and 
there is a widening number of courses available. If 
this form of training is to become an accepted and 
successful feature of the British scene, as it is in 
America, it would seem that certain conditions have 
to be satisfied, including the following. First, from 
the teaching establishment’s point of view, able 
teachers have to be recruited and retained. This is 
true whether the teaching is done in industry or by 
academic establishments outside industry. These 
teachers preferably should have had wide experience 
at a senior level in the field in which they are going 
to teach. Their experience should be renewed fre- 
quently. Second, the teaching establishments should 
provide conditions in which teachers and taught can 
both do their work satisfactorily. This is not solely 
a question of elaborate equipment and surroundings, 
though both have to be of a reasonable standard. 
Lastly, the aims of courses should be fairly well 
defined and teaching techniques used that are based 
on the needs of the situation and not merely on 
tradition. 








DIARY DATES 
1958 


OCTOBER 13th, 14th and 15th 


Materials Handling Convention, Brighton 


OCTOBER 29th 


Annual Dinner of the Institution, Dorchester Hotel, London. 


DECEMBER Iith 


The 1958 Sir Alfred Herbert Paper, to be presented at the Royal Institution, 


London. 


Speaker : Sir Cecil Weir, Past President of the Institution. 


Subject: “The European Common Market — Its Origins and 


Implications ”. 


1959 


MARCH 11th 


The 1958 Viscount Nuffield Paper, to be presented at the University of 


Birmingham. 


Speaker : Dr. N. P. Inglis, Metals Division Research Director, I.C.I. Ltd. 
Subject : “The Production, Fabrication, Properties and Uses of Some 


of the Newer Metals ”. 
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EXTRACTS FROM 


REGION AND SECTION REPORTS 


EAST AND WEST RIDINGS REGION 
Leeds 


The Annual Dinner of the Leeds Section was held at the 
Griffin Hotel, Leeds, on Saturday, 12th April, 1958, and was 
graced by the presence of the Lord Mayor of Leeds, Mr. 
Gregory, Chairman of Council, and many other distinguished 
guests. 

It was agreed by all who were present that it was a very 
successful Dinner, and the speeches and entertainment were of 
the highest order. 

The Leeds Section made the arrangements for the George 
Bray Memorial Lecture which was held at the University of 
Leeds on Monday, 24th March, 1958, when Dr. Yarsley gave 
a paper on “ The Fabrication of Plastics.” 

The Paper was very well received and a very full and in- 
formative discussion completed the meeting. 

The Leeds Section and the Institution suffered a great loss 
in the passing of Mr. F. T. Nurrish, M.B.E., a past President of 
the Leeds Section, a past President of the East and West Ridings 
Region, a member of the Council and on the Council of 
P.E.R.A. 

Mr. Nurrish had been a member of the Section since its 
inception, and over the years had been one of its strongest 
supporters. His advice and guidance were always available to 
the younger members, and his presence will be missed by all 
the members and Committee at our meetings. 


Leeds Graduate 


The Section Committee have held a number of meetings 
within the past few weeks, devoting a good deal of time to the 
preparation of the Section Programme for session 1958/9. A 
provisional programme has now been drawn up as follows :— 

1. Works Visit to Messrs. Samuel Fox Ltd., Sheffield. 

2. Works Visit to Messrs. British Jeffrey-Diamond, Wakefield. 

3. Film Show in Leeds. 

4. Works Visit to a glass fibres factory. 

5. Works Visit to Messrs. Slazenger, Wakefield. 

The Committee did consider extending the programme, but 
after considerable discussion, decided that in general far too 
many meetings are arranged, particularly since the Leeds 
Graduate Section are always invited to attend lecture meetings 
held by the Leeds Senior Section. 


Sheffield 


The Section’s representative on the Materials Handling 
Group Committee presented his first report to the Section 
Committee, during which he outlined the principal objects of 
the Group. Arrangements have been made for him to speak 
at a lecture meeting, to give details of the Group’s aims and 
activities, in an effort to stimulate further interest and to 
encourage the enrolment of suitable members. It is hoped to 
arrange an informal meeting of interested members, to discuss 
and formulate a programme. 

The Lecture programme for the winter session is now com- 
pleted, and includes a lecture meeting organised jointly with the 
Institute of Welding, and a Regional Paper on ‘‘ Ergonomics.” 

One or two members of Section Committee were honoured 
to meet, at a dinner, members of the Polish Society of Mechanical 
Engineers who visited this country recently. 


Presented to Council, 24th July, 1958 


EASTERN REGION 
Ipswich and Colchester 


Since the last quarter, the Section enjoyed an extremely 
interesting evening at Colchester, when a Paper was presented 
by Rear-Admiral R. S. Warne on ‘* Work Study as a Service 
to Management.” This was preceded by the Annual General 
Meeting and brought to a close the winter lecture programme, 

During May, a party of 20 members made an afternoon visit 
to Bradwell Power Station in Essex and as this is in the building 
stage, it was most interesting to see the amount of equipment 
necessary to carry out such a large project. 

A further evening visit has been arranged during June and 
members of this Section have the opportunity of seeing the 
works of Messrs. Ransomes and Rapiers Limited, Ipswich. 

The Committee is now planning a visit to London Airport 
during September, and it is hoped this will prove an attractive 
event to members and their friends. 

The Committee are pleased to mention that representation 
was further strengthened when Mr. S. H. Potter, B.Sc., 
A.M.I.Mech.E., A.M.I.Prod.E., filled a vacancy when he was 
co-opted to the Committee during May. Mr. Potter is Head of 
Engineering and Science Department, North-East Essex 
Technical College. 


MIDLANDS REGION 
Regional Report 


The Regional Dinner was held in April at the Queen’s Hotel, 
Birmingham, and was judged a complete success. The speakers 
included Sir John Eldridge, Sir Cecil Weir, Major-General 
K. C. Appleyard and Mr. S. M. Barker. The civic representa- 
tives included The Lord Mayor of Birmingham and The Mayor 
of Worcester. The Regional Honorary Secretary reported a 
slight increase in the number attending, thus indicating further 
growth in the local interest in this function. 

The Regional One-Day Conference was held in May at the 
works of Cincinnati Milling Machines Limited. Four very well 
presented papers on subjects ranging from hot machining and 
electro-discharge machining, flow-turning and hydraulic form- 
ing, to computer control of machines, were given to the 
Conference’s theme—‘‘ Machining—Tomorrow’s Production.” 
The President’s address—‘*‘ The Machine Tool in Industry ” 
was most inspiring to the delegates and gave voice to advanced 
thinking that must be applied to the future problems of to- 
morrow’s production. The delegates were then able to see many 
working examples of latest machining techniques and machine 
tool building in the adjoining plant. 

The suggested programme for the 1958/9 session has been 
discussed and meetings of high calibre are the keynote, and a 
One-Day Conference to round off the Regional Programme 
will complete the pattern. 

Mr. H. Tomlinson, former Chairman of the Wolverhampton 
Section, has accepted the nomination for Chairmanship upon 
the retirement of Mr. B. G. L. Jackman. 

Mr. T. W. Elkington, Past Chairman of the Birmingham 
Section, has been nominated Additional Regional Representative 
to Council, upon the retirement of Mr. E. Percy Edwards. 
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Birmingham 
The last lecture of the Birmingham Section session was held 


in March and dealt with two recent developments of the use of 


plastics in metal-working. The first, by Mr. Pentz, of Leicester, 
Lovell and Company dealt with the use of press tools made 
from various types of plastics. Particular applications were 
described in detail and as many questions as the time allowed 
were interestingly dealt with. Mr. Hulbert, of Scott Bader and 
Company, then gave some information on various alternatives 
to sheet metal which had been tried and approved in production, 
quoting many interesting examples from both sides of the 
Atlantic. 

The charter flight to the Brussels Fair, held in May, was very 
much enjoyed by those who attended, and it was noticed that 
the charge was only two-thirds of that being advertised for 
similar trips travelling at the same time. The Section’s thanks 
are due to the travel company, who arranged to fill the aircraft 
themselves when approached by Mr. Lawton at short notice. 

There will be a Summer visit to the English Electric Company, 
Stafford, and Ingestre Hall, in June. The Company have very 
kindly offered lunch at their premises and the interest and help 
from them gives promise of a very interesting and pleasant visit. 


Birmingham Graduate 


The lecture on product design and the visit to the Cincinnati 
Milling Machine Company, both of which took place in May, 
were well attended, and this has given rise to some satisfaction, 
particularly to those members of the Committee whose job it 
is to strive towards giving the general body of members a well 
balanced and interesting programme of visits and lectures to 
choose from. 

In the coming session, which coincides with the Section’s 
25th consecutive year of existence, the Committee feel that it is 
fitting to arrange something special by the way of celebration. 
The programme is not yet finalised, but all members will 
become acquainted with it in the near future, and the Section 
looks forward to the continued support of members and friends 
in this coming 25th year. 

At the Annual General Meeting held in March, Mr. D. J. 
White was elected Chairman and Mr. R. V. Wateley was 
re-elected Honorary Secretary for the 1958/9 session. 


Coventry 


Another most successful session terminated with a Regional 
Lecture held in the Sibree Hall, Coventry. This lecture was so 
well publicised that nearly 1,000 applications from all parts of 
the country overwhelmed the organising committee and many 
applicants were unavoidably disappointed. Approximately 400 
visitors and members listened to a most interesting report on 
** Ceramic Tools ’’ presented by Mr. H. Eckersley, M.I.Prod.E., 
and Mr. R. M. Cook, M.I.Prod.E., both of Wickman Limited. 
The report was illustrated by slides and film, which included 
the latest available information on the results of the use of 
ceramic cutting tools both in this country and abroad. A 
searching discussion followed and many questions were admirably 
answered by both lecturers. 

The Annual General Meeting was quite well attended. The 
Committee accepted with regret the resignation of Mr. B. C. 
Harrison, M.I.Prod.E., a former Section Chairman. Mr. 
Harrison may not however, be lost to the Institution as an active 
member, having been nominated by the Section for election 
to the Council. 

A departure from usual practice was the showing by courtesy 
of the Standard Motor Company, of two delightful travel films 
(“‘ Through Central Europe ’’). 


NORTHERN REGION 


Newcastle upon Tyne 


The Annual General Meeting, which was held in April was 
well attended. Following the meeting, Mr. J. S. Elliott, Principal 
of the Rutherford College of Technology, Newcastle upon Tyne, 
kindly arranged for the members to visit the new workshops 
and laboratories, showing the recent development of technical 
education facilities in Newcastle upon Tyne. 

The programme for the session 1958 - 1959 is now completely 
arranged and it is suggested that a Section Programme be 
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circulated to the Members within the Region, thus avoiding the 
delay which is at times encountered in compiling a programme 
for all meetings within the Region. 


Tees-side 


This quarter has seen the completion of the winter lecture 
programme, which has proved to be the most successful to date 
in spite of the exceptional weather in the early part of the year, 
when during two of the lectures, many roads were snow-bound. 

The Committee are especially pleased with the number of 
applications for membership coming forward. 

The first works visit has taken place, during which Mr. 
Williams of Messrs. Williams and Williams, Chester, presented 
the Section with a Chairman’s Chain of Office. 


NORTHERN IRELAND REGION 
Northern Ireland 


During the period covered by this report, two Section functions 
were scheduled. Dealing with the second first, a lecture on 
** Work Study ” by Mr. A. J. Speakman, was arranged to take 
place in April. Unfortunately, due to circumstances outside 
anyone’s control, this lecture could not take place. 

In March, the Annual General Meeting was held, and as 
an innovation, was preceded by a Section Dinner and followed 
by a social evening. 

This function was well attended and would appear to set a 
precedent for future Annual General Meetings. 

At the conclusion of the meeting, the retiring Chairman, 
Mr. K. Teale, gave an address, taking as his subject “‘ The 
Production Engineer, His Present-Day Standards and Industry’s 
Future Requirements.” The resulting discussion absorbed the 
major part of the remaining social evening. 


NORTH MIDLANDS REGION 
Regional Report 

The main item in the Region was the One-Day Conference 
in Leicester in June. The theme “ Foreign Competition—The 
Challenge ” was a topical one and attracted members from far 
beyond the boundaries of the North Midlands Region. The 
organisers kept foremost in their minds the young man meeting 
foreign competition for the first time, and the ways in which 
Britain can combat the intrusion. 

Delegates were accompanied by their ladies, for whom an 
excellent itinerary had been prepared and the Conference 
upheld the high tradition which has already been established 
in Peterborough and Lincoln. 


Lincoln 


The attendance at Section lecture meetings has been main- 
tained and the attendance at the Annual General Meeting, 
which was held towards the end of March, was very good. 

At the Annual General Meeting, Mr. Oram was thanked for 
his services as Chairman of the Section during the last two 
years. He will be succeeded by Mr. J. Cunningham, Director 
and General Manager of the Boiler Division of Ruston and 
Hornsby Limited. 

The Section Committee are now preparing their programme 
for the forthcoming winter session. They have suggested four 
lectures, apart from the Annual General Meeting and the 
Annual Dinner Dance, which has already been fixed for 
November, at the Saracen’s Head Hotel, Lincoln. 

It is with regret that Lincoln Section Committee have to 
report that they have lost the services of Mr. E. Burgess 
(Managing Director of Marshalls, Gainsborough). 


Loughborough Student Centre 


During the last quarter, only one meeting took place. This 
was the Annual General Meeting which was held in March 
in the Brockington Building, Loughborough College. Twenty- 
one members were present and an apology was received from 
one other. The following officers were elected: Chairman, 
M. C. Fryer; Vice-Chairman, A. J. Booth; Secretary, J. 
Fairbrother. The following Committee Members were elected; 
I. Anthony; M. H. Hanson;%B. V. Hubbard; J. G. Loveday: 
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H. Maden; A. Roberts; L. Rodwell; J. W. Scott; D. R. Stockdale. 
The future programme was discussed, mention being made of 
works visits and of films. 


Nottingham 

The summer activities of the Section started with a most 
interesting visit to a glass works in Worksop, when members had 
an opportunity of examining the production of all types and sizes 
of glass bottles. After the visit, members were entertained by 
the Company to an excellent luncheon. 

The Section Committee have nominated Mr. C. T. Butler, 
Head of Mechanical Engineering, Nottingham and _ District 
Technical College, as their representative on the International 
Standards Sub-Committee. Mr. Butler is also the Section 
representative on the City of Nottingham Library Advisory 
Committee, which enables members of the Section to borrow 
an extensive range of technical books on production engineering. 


NORTH WESTERN REGION 
Regional Report 


The North Western Regional Lecture was held in April in 
the Great Hall of the Manchester College of Science and 
Technology. The Rt. Reverend Dr. W. D. L. Greer, Lord 
Bishop of Manchester, spoke on the subject ‘‘ Human Problems 
in Industry.” 

Mr. J. Jones, M.P., J.P., opened the discussion, which was of 
a very high standard, and most informative. 

An Inter-Section Golf Tournament is being arranged to 
compete for the “* Regional Challenge Trophy ” and the response 
to the Honorary Secretary’s circular has been most encouraging. 

Lecture programmes for the Sections are now being arranged, 
but the Secretary would remind Seetions that the programmes 
should be forwarded to Headquarters as soon as possible, so 
that the programme syllabus booklet can be printed in time 
for the first lectures. 


Manchester 


The lecture programme for 1957 - 58 is now completed and 
it is encouraging to note that more members are attending 
meetings than last year. The lectures which had the greatest 
attendance were “ Photography in Engineering ” and ‘“‘ Machine 
Tool Development in the U.S.S.R.” 

The Section Syllabus Sub- Committee have submitted a most 
interesting number of lectures for the 1958 - 59 session. 

The Annual General Meeting was held in March and although 
the Committee would like to see more members attending this 
important meeting, it was very encouraging to see a big im- 
provement on last year’s attendance. The Section welcomed 
Mr. F. W. Cranmer, who is to take the chair once more for 
1958-59 and Mr. J. P. Speakman who will continue as Honorary 
Secretary. 


Preston 


The 1957 - 1958 lecture programme proved very successful, 
attendances showed a decided increase and greater interest was 
generally evident. The programme concluded with two 
excellent lectures, ‘‘ The Electronic Control of Machine Tools ” 
by Me. ‘D: 'T. N. Williamson, at Barrow-in-Furness, and 

“Himalayan Adventure” by Mr. K. J. Miller, who gave a 
graphic description of his personal experiences as a member of the 
Imperial College Scientific Expedition to the Himalayas. 

Section members are reminded that the Section representative 
to the Materials Handling Group is Mr. H. Carleton of 95, 
Liverpool Road South, Burscough, Lancs. (Tel. Burscough 3321), 
and he will be pleased to supply information regarding any 
aspect of this important branch of production engineering. 

Mr. T. A. Westall and Mr. G. H. Ayres, two valuable and 
active members of the Preston Section, have recently retired 
from their employment and the Section Committee and members 
wish them well. 

Mr. Westall is a past Chairman of the Preston Section and has 
been honoured by the Institution by being granted free member- 
ship in acknowledgement of his long and valuable service to the 
Institution. 

It is with profound regret that the Section"has suffered a great 
loss in the sudden death of Mr. E. G. Eaton, a past Section 
Chairman, and he will be missed by many. 





SCOTLAND REGION 
Dundee 


The Section has been troubled in the past with a surfeit of 
technical lectures sponsored by the various associations in the 
district. This has often resulted in poor attendances at Institu- 
tion meetings, partly due to the clashing of dates. 

To try and overcome this difficulty, a meeting of Institution 
Secretaries was called under the auspices of the local Productivity 
Committee. The following rules were drawn up and have been 
accepted in principle by the Institutions concerned :— 

(a) Each Institution has been allocated a particular day and 
week per month for their lecture meetings. This will 
ensure an even spread over the month and will avoid 
clashing of dates. 

(b) Wherever possible, Institutions are to arrange joint meet- 
ings with other Institutions. This will reduce the number 
of meetings. 

(c) One joint meeting with all other Institutions is to be 
held in December. This will reduce meetings in a month 
which has a high percentage of social functions. 


Edinburgh 


No report received at the time of going to press. 


Glasgow 


In February, the Section was privileged to have the Rt. Hon. 
The Earl of Halsbury present his address to the Section. Over 
100 members and visitors attended the meeting, which was held 
in the Rankin Hall of the Institution of Engineers and Ship- 
builders. During the day, the President had visited certain 
factories in the area, together with the Chairman and Vice- 
Chairman of the Section, and prior to the meeting had dined 
with the Section Committee. 

The first of two factory visits was to the Queens Park Works 
of the North British Locomotive Company in May. The visit 
proved most instructive and there was a good turnout of members. 

At the Section Annual General Meeting, Mr. G. V. Stabler 
was elected Chairman for session 1958 - 1959. Mr. Wilson tabled 
his resignation at this meeting and in accepting this the Chairman 
thanked him for his long service to the Glasgow Section. 

The Committee met five times during the Session and on each 
occasion there was a very full agenda. The number of applica- 
tions considered has been most satisfactory and it has pleased 
the Committee that many of the candidates are technically 
qualified and eligible for election. 

The Regional Committee has met on two occasions and at 
the last meeting, Mr. MacKay, Dundee Section Chairman was 
elected Regiona ai Chairman for session 1958 - 1959. The Com- 
mittee have given consideration to the holding of a Scottish 
Conference, but do not feel it justified at the present. The matter 
will, however, be kept under review from time to time in light 
of changing conditions. 

Whilst the distance between each town prevents the Sections 
in Scotland operating as a Region, there is no doubt that the 
Committee Meetings have proved most stimulating to the 
representatives and many problems common to all Sections have 
been openly discussed. Section representatives have gained a 
great deal by attending and there is no doubt that the Committee 
Meetings have fulfilled a useful purpose. 


SOUTHERN REGION 
Oxford 


During the past quarter, the Oxford Section activities for 
the current Institution year have been brought to a close. 

The last meeting held was a film show given to members, only 
following the Annual General Meeting, and election of Officers 
for the coming year. 

A further Committee Meeting was held in April to discuss 
and decide upon a theme and a programme for the Institution 
year 1958 - 1959. The Oxford Section Committee have decided 
upon a theme as follows: “ The Effect of European Free Trade 
on British Industry”. This theme has in turn been broken down 
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in a representative cross section of British industry under the 
following headings on which papers will be read :— 

23rd September, at Banbury: 

Under the heading of “‘ MANUFACTURE OF POWER 
AND DISTRIBUTION EQUIPMENT FOR 
ELECTRICITY”. 

24th October, at the Brize Norton U.S. Airforce Base: 

(Not yet confirmed). Under the heading of ‘‘ OIL”. 

18th November, in the Oxford Town Hall: 

Under the heading of “‘ MOTOR CARS”. 

20th January, in the Oxford Town Hall: 

Under the heading of ‘‘ DOMESTIC ENGINEERING 
PRODUCTS”. 

17th February, in the Oxford Town Hall: 

Under the heading of “*‘ MACHINE TOOLS”. 

17th March, at Aylesbury: 

Under the heading of ‘‘ CHEMICALS AND PLASTICS”. 

21st April, at Witney: 

Under the heading of ‘“‘ ECONOMY SUMMARY”. 

The policy established over the last three or four years will 
continue to be followed, i.e., that the Institution of Production 
will carry their meetings to the whole of the Oxfordshire area. 

The Oxford Section looks back to a successful year which has 
just passed to include a Presidential visit, with every confidence 
for a new year with what is hoped to be a topical theme embodied 
in some new Papers to be read to an audience spread over a 
very wide area. 


Reading 


A very successful Section Annual Dinner attended by over 90 
members and guests was held and presided over by Mr. H. 
Richardson; the function was all-male and its informality 
was much enjoyed. 

Mr. R. F. Newman, C.B.E., M.I.Prod.E., was the Guest of 
Honour, and among other guests was Mr. Woodford. 

Entertainment was arranged by Mr. Mott and Mr. Water- 
house and this very largely contributed to the enjoyable and 
happy evening. 

An inaugural lecture meeting was held at Newbury, as it 
was thought that this area should be tried out for support and 
interest. Much to the Section’s gratification, there was an 
attendance of 75. The Committee have agreed unanimously 
that a regular lecture for Newbury must be included in the 
lecture programme. 


SOUTH EASTERN REGION 
Regional Report 


The Committee of the South Eastern Region have now com- 
pleted the assessment of the papers submitted for the Graduate 
Prize Competition which was instituted this year, and have 
decided to award a prize to Mr. H. S. Woodgate of the London 
Section for his Paper entitled, ‘‘ Production Planning in a 
French Aircraft Manufacturing Organisation.” 

On 24th April, a Regional Meeting was held in London. 
At this meeting Professor Postan delivered a Paper entitled, 
“ British Engineering since the War’’, to an audience of some 
60 or 70 members, whose interest was shown by a lively dis- 
cussion which followed. 


London 


Looking over the Session’s programme, meetings with one 
or two exceptions were well attended, and Papers gave rise to 
vigorous discussions on a variety of subjects. The Session ended 
with a lecture at Brighton which proved to be most interesting. 

The lecture programme for the coming Session is almost 
complete. with lectures on alloy steels, inspection, production of 
plastic mouldings, preventative maintenance and liberal studies 
already arranged. Further lectures are under discussion, and 
tentative enquiries have been made concerning a particular 
lecture for the 1959 - 1960 Session. 

Since the last Section Quarterly Report was published, the 
Section Committee elections have taken place. Mr. G. A. J. 
Witton has been elected as Chairman of the London Section 
Committee, commencing his term of office in June of this year. 

The retiring Chairman, Mr. G. R. Blakely, is thanked most 
sincerely for his services during the past two years. 
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London Graduate 


At a meeting held on 9th May, 1958, the Committee discussed 
at length the figures provided at the Region and Section Hon. 
Secretaries’ Conference concerning the publicising of lecture 
meetings. Opinion was divided on the abolition of lecture 
tickets, but it was felt that it may be worth while dispensing 
with tickets for members and substitute some form of personal 
contact by Committee Members. 

The Committee agreed, however, that the sending of tickets 
to visitors purely as a form of notice was unnecessary. They felt 
that this could best be covered by sending the Regional pro- 
gramme under cover of a formal letter of invitation at the 
beginning of the lecture season. 

It was unanimously agreed that the Regional programme 
booklets and the Journal Supplement were essential. 


Luton 


During the quarter under review, the Section Committee has 
considered at some length the means by which greater interest 
in Institution affairs may be fostered among members. It is 
felt that during the Summer months there is normally an absence 
of contact between members through the medium of the Institu- 
tion, and therefore the Section is organising two social events, 
at which ladies will be welcome. 

On 24th June, the Section visits the London Docks, and will 
be guests of the P. & O. Steamship Company. 

Additionally, a Motor Treasure Hunt is projected for 
September, and for each of these events an encouraging response 
has been received. It is hoped that these are the forerunners 
of other social gatherings, which will give a wider meaning to 
Section activities than in the past. 

The Section continues to have active co-operation with a 
representation on the local Management Association, and Pro- 
ductivity Committee. 


SOUTH ESSEX 


The Section Annual General Meeting was held at the Mid- 
Essex Technical College, Chelmsford, when 17 Corporate 
Members of the Section were present. This was followed by 
an open meeting, two films being shown. 

The final meeting of the 1957 - 1958 Winter Session was held at 
Ilford, when 31 members and friends met to listen to Mr. P. H. 
Herbert, of Ilford Limited present a Paper on “ Recent Develop- 
ments in Industrial Photography.” 

The Section Committee are preparing the 1958-1959 programme, 
and are again arranging to hold meetings at Chelmsford, Ilford 
and Southend-on-Sea. 


SOUTH WESTERN REGION 


Cornwall 


The Conference organised by the Section on the theme, 
‘“* Improving Productivity by the Use of Compressed Air *’ was 
the climax of activity in the Section for 1957 - 1958. 

It afforded Cornwall members in particular an opportunity 
of meeting the President of the Institution. Lord Halsbury 
addressed the assembly at the opening ceremony and took an 
active part in the discussions which, followed later sessions. 

The function was reasonably well attended and of the 150 
delegates about 80 came from outside Cornwall. Like the first 
Conference held in 1955, the programme was of a high technical 
level. Five papers were presented by leading technologists in 
their particular field. The papers and discussions were supple- 
mented by an excellent film programme showing the various 
advantages and aspects of air on production. A small display 
of air-operated equipment, adjacent to the Conference Hall, 
created much interest. 

On the second day, a conducted tour of the new gigantic dock 
at Falmouth was much appreciated by about 80 of the delegates. 
The weather was unkind, but the visit afforded an invaluable 
experience to all concerned with the applications of air to 
production. 

The Cornwall Section Committee would like to extend thanks 
to all concerned for the help and support so readily given which 
did much to make the Conference a success. 

The co-operation and assistance of the Speakers, Chairman 
and Exhibitors is greatly appreciated. 














The excellent manner in which the efforts were co-ordinated 
by Mr. Woodford, Mr. Caselton and Miss Freeman at Head- 
quarters did much to make the Conference in Cornwall quite an 
occasion, 


WALES REGION 
Regional Report 


A party of twenty-eight members and their ladies were the 
guests of Hoover (Washing Machines) Limited on Wednesday, 
26th March, and enjoyed a most interesting and instructional 
tour of the works. Appreciation is expressed to-Messrs. Hoover 
Limited, for their welcome and co-operation during this visit. 

The Regional One-Day Conference took place on 29th April, 
1958, at the premises of the B.P. Refinery (Llandarcy) Limited; 
120 delegates took part, of whom 70 were Regional Members. 

The subject for discussion, ** What New Skills does the Future 
Demand *’ provided unlimited scope for the various groups. 
Mr. W. H. Bowman, Regional Chairman, introduced the 
President of the Institution, The Rt. Hon. The Earl of Halsbury, 
who opened the proceedings with an address covering the key 
points of the theme, after which the delegates formed into 
groups for discussion on their particular subject of interest. 

Mr. R. B. Southall summed up the findings of each group, 
and the Conference was brought to an end by Mr. Abraham, 
Cardiff Section Chairman at 6.30 p.m. 

The Conference was a grand success and the Region is deeply 
indebted to their hosts for the occasion, the BP Refinery 
(Llandarcy) Limited for the excellent facilities provided. The 
occasion was finally rounded off by the members of the Regional 
Committee entertaining the President and the Llandarcy hosts 
to dinner at the Seabank Hotel, Porthcawl. 


Cardiff 

The highlight of the Section’s activities over the past quarter 
was undoubtedly the One-Day Conference held at the National 
Oil Refinery, Llandarcy. The Cardiff and Swansea Sections 
collaborated to make this one of the most successful events held 
in the area. 

Elections for Section Chairman and Committee Members for 
the 1958 - 59 Session have been completed and consideration 
is being given to the lecture programme for the next Session. 
The last Session can be considered one of the most successful 
of recent years and the lecture programme attendances in 
particular have given the Committee considerable satisfaction. 
It is hoped to repeat this success in the next Session. 


Swansea 


The retirement from active duty of the Section Chairman and 
Regional Committee Member, Capt. V. J. Sankey, R.N. 
(Retd.), is recorded with regret. Capt. Sankey is leaving the 
district to enjoy a well-earned retirement on the South Coast. 

The Section Committee are now preparing the Winter 
Programme of lectures, the election of and dealing with Regional 
and Section Officers for the coming year. 

The Regional Conference was an outstanding success and 
members of both Cardiff and Swansea Section Committees can 
be justly proud of their effort in this filed, which augurs so well 
for the future of the Institution in South Wales. 


SECTIONS OUTSIDE THE UNITED KINGDOM 


Adelaide 


The programme for 1958 will include six lectures, two visits 
and one film evening. The lectures will form a series and will 
follow a product through from market research and product 
design to sales and distribution. Speakers who are specialists 
in their particular field have been selected to give each of the 
papers. 

At its May meeting the Committee regretfully accepted the 
resignation of Mr. W. L. Hemer from the office of Hon. Secretary 
and from the Committee. This action was necessary in the 
interests of Mr. Hemer’s health. 

So far this year there has been little progress made with the 
establishment of the P.E. diploma course at the Adelaide 
University due, largely, to changes in staff at the University. 





Melbourne 


The Melbourne Section’s activities have been most successful 
over the last quarter. There have been three meetings and one 
works visit, 

On May 12th, 86 members attended to hear a Paper entitled 
‘* Tracer Controlled Machining Operations,’ presented by Mr. 
C. E. Waller, B.Mech.E., Research Engineer, McPherson’s 
Limited. Mr. Waller is a nephew of the noted research worker, 
Hans Ernest, and spent some years working under him at 
Cincinnati, U.S.A. 

On April 9th there was a joint meeting with the Institute of 
British Foundrymen’s Australian Branch. Two papers were 
presented on ‘ Shell Moulding Suits Production Engineers,” 
by Mr. G. P. Adams, Managing Director, Shellmould Pty. Ltd., 
and Mr. R. B. Whitelaw, Chief Metallurgist, Russell Manu- 
facturing Co. Pty. Ltd.; 110 members of the two Institutions 
attended this meeting. 

There was a combined meeting on May 14th with the Graduate 
Section. This was a question night, with six questions pertaining 
to Productivity submitted by the Graduates. These questions 
were answered by a panel from our Productivity Work Group; 
67 members attended this meeting. 

As an experiment, a special meeting was held during March 
to hear a talk by Mr. Paul Campbell-Tiech on his recent visit 
to the Continent. This meeting was in addition to the regular 
monthly meeting, and was an informal night, taking the form 
of a Buffet Dinner in a private room at the University of 
Melbourne. Mr. Campbell-Tiech spoke after dinner, his subject 
being ‘“‘ Present Technical Trends in Europe and Economic 
Business Influences.” The meeting was highly successful, with 
an attendance of 50. 

The first works visit for the year was held on May 16th to 
General Motors-Holdens Frigidaire Division and Body Assembly 
Plant, Dandenoing. This factory is the most modern, and the 
largest, automotive factory in Australia. Added interest was a 
tour through the new Frigidaire Division. Forty members 
attended and were most impressed with the factory layout, 
mechanical handling and large range of machine tools. Members 
were the guests of General Motors to luncheon. 


Melbourne Graduate 


(i) Works Visit to General Motors-Holden’s Ltd. 

This visit to the modern mechanised foundry of G.M.H. 
proved very successful. The tour of the foundry was most 
interesting and the excellent supper arrangements made by the 
Company afforded those present the opportunity to enjoy a 
memorable social evening. 

(ii) Lecture by Mr. I. Pitman—‘‘ The Latest Trends in Plastics.” 

Mr. Pitman’s lecture covered the various types of plastic 
materials in common use and their applications, with the aid 
of many fine samples of plastics products. The latest forming 
methods and processes were then described and finally Mr. 
Pitman gave his impressions of the future field for plastics. 

The Section was very pleased to welcome a number of Senior 
Section Members who attended. 

(iii) Question Night with Melbourne Senior Section 

Six questions submitted by Graduates and Students, and 
relating to ‘‘ Productivity ’’ were put before a panel comprising 
Members of the Melbourne Section Productivity Group. The 
questions were very ably answered by the panel and the agenda 
allowed time for discussion and further questions. 


Sydney 

The increase in the numbers attending monthly lecture 
meetings, reported after the March meeting, has been evident 
all this year. 

In April, Mr. W. Bernard spoke on ‘‘ New Automatic Welding 
Processes and Electrodes for Automation ”’; followed in May 
by Mr. N. G. Fraser who took as his subject ‘‘ Deep Drawing 
Sheet Steel—its Manufacture and Properties.” 

For the June Meeting, Mr. C. L. Pyman, A.M.I.Prod.E., 
read a paper entitled “ The Scope for Cost Reduction through 
Production Engineers.” 

Arrangements are well in hand for the visit to the Snowy 
Mountains Scheme planned for October. 
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oficial inauguration of new workshops and 
laboratories 


On Tuesday, 3rd June, The Rt. Hon. Viscount 
Chandos, P.C., D.S.O., M.C., officially inaugurated 
PERA’s new workshops and laboratories at Melton 
Mowbray. ‘he ceremony was attended by about 
150 distinguished guests and representatives of 
member firms, and was widely publicised on tele- 
vision and radio, and in the press. 

During his inauguration speech Lord Chandos 
pointed out that “there are few connected with 
industry who do not know how massive can be the 
savings by improved methods of production. I know 
of one company which, by using improved techniques 
developed by PERA, has saved about £40,000 a 
year in the production of one component and | 
could multiply this instance many times from my 
own experience. 

“You must not regard the opening of this building 
as the climax of the Association’s development. It is 
one step along a broad highway to the future which 
we are now taking. The whole present membership 
of the Association would hardly cover 10°/, of the 
potential membership of the British engineering 
industry. We must aim, and I know that we will 
succeed, at bringing into this co-operative effort, 
more and more firms. 





Dr. D. F. Galloway (left), Director of PERA, describing 
developments in PERA’s vibration researches to Professor 
Kaczmarek (second from left), Mr. G. R. Pryor, Vice-President 
of The Institution of Production Engineers (centre), Mr. 
W. F. S. Woodford (second from right), Secretary of the 
Institution, and Mr. Jabkiewicz (right). Professor Kaczmarek 
and Mr. jJabkiewicz were members of the party of Polish 
scientists and engineers who visited the Association recently. 
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the Institution 


Quite apart trom the competition which there is 
today trom the United States, with its huge industrial 
installauons, 1t may not be long before Kussia will 
wish to enter the export markets and, finally, as we 
all know in our daily lives, Germany and Japan, who 
were knocked out as competitors in many helas by 
the War, are now lively competitors, and their pro- 
duction mostly comes trom plants which have been 
built since the War. Lhis in particular represents 
a threat or challenge to our industry. ‘hat we can 
meet it, and outdo and outface this competition, 1s 
my tirm beliet but we shall only do it by attaching 
the proper importance to schemes for improving 
our production techniques, lowering our costs, 
reducing the labour content of many ot our products, 
and reducing the manual effort and fatigue o1 those 
who work at these tasks. 

“In this, PERA plays a vital part and deserves 
wide support from the engineering industry. It is, 
therefore, with pleasure that I declare the new 
research building open, and I express the hope that 
it will contribute to the prosperity and to the proud 
future of British industry.” ° 

Before inviting Lord Chandos to declare the 
building open, Sir Lionel Kearns, Chairman of 
Council, who presided at the ceremony, asked Mr. 
A. L. Stuchbery, Chairman of the Technical Policy 
Committee and of the Buildings Panel, to outline the 
steps which had led to the construction of the 
building. Mr. Stuchbery explained that for many 
years, the Association’s researches had been carried 
out in converted stables, and with the continuous 
growth in membership it became clear some years 
ago that a large new research block was essential to 
house the Association’s research facilities and staff. 
An approach was made to the Department of 
Scientific and Industrial Research, who generously 
agreed to make a capital grant of £100,000 provided 
a similar sum of money could be raised from industry. 
A large number of member firms subsequently sub- 
scribed substantial sums of money to the building 
fund and Mr. Stuchbery, on behalf of the Association, 
thanked the D.S.I.R. and members for the very 
generous support which had made possible this vitally 
important addition to the Association’s facilities for 
helping member firms. 
visit from Polish engineers 

On Friday, 30th May, a party of Polish scientists 
and engineers, whose visit to the United Kingdom 
was arranged by The Institution of Production 
Engineers, spent the day at PERA and studied the 
progress being made in the various researches being 
carried out in the new workshops and laboratories. 
The party was accompanied by Mr. G. R. Pryor, a 
Vice-President of the Institution, and Mr. W. F. S. 
Woodford, Secretary of the Institution. 
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Assistant Managing Director 





Mr. C. Ellis, Member, who is Director of 
Production at Edward Pryor & Son Ltd., of Sheffield, 
is visiting Ganada and America for a four-week period 
to increase dollar export sales to those countries. 


Mr. C. R. English, Member, formerly Stafi 
Inspector for Engineering, Ministry of Education, 
was recently appointed Chief Inspector for Further 
Education (Industry and Commerce). 


Mr. B. G. L. Jackman, Member of Council, 
who joined Lockheed Hydraulic Brake Co. Ltd. 
in 1956, as General Manager of the Brake 
Division, has been appointed 
an Executive Director of 
the Company. He _ was 
formerly with The Rover 
Co. Ltd., followed by a 
period as Works Director of 
The British Heat Resisting 
Glass Co. Ltd., at Bilston, 
Staffordshire. 

Mr. Jackman was Chair- 
man of the Birmingham 
Section of the Institution 
from 1954 - 1956, and 
recently. relinquished office 
as Midlands Regional 
Chairman. He is Chairman of the Research 
Committee, a member of the Awards Sub-Committee, 
and has served on the Finance and General Purposes 
Committee and the Education Committee. 


Mr. N. A. Esserman, Member, was recently 
appointed Director of The National Standards 
Laboratory, C.S.I.R.O., New South Wales. 

Mr. C, J. Luby, Member, 
was recently appointed 
Managing Director of Rotol 
Ltd. and British Messier 


Ltd., .where he has been 


since 1956. Mr. Luby serves 
on the Western Section 


Cominittee, 





Mr. D. H. Mason, Member, has now taken up 
al appointment as Regional Officer for the London 
Area of the British Productivity Council. 


news of members 





Mr. Matthew Seaman, Member, a Director of 
British Oxygen Gases Ltd. and General Manager of 
the Equipment Division, has been elected to the 
Board of Governors of Mount Grace School. Mr. 
Seaman is a Past Chairman of the Institution’s 
Editorial Committee and has served on _ the 
Conference Organising Committees and on the 
Research Committee. 


Mr. R. O. Birch, Associate Member, has relin- 
quished his Directorship of B. & D. Tool Co. Ltd., 
and has now taken up a Senior Executive position 
with Alan Keir Ltd., London. 


Mr. C. A. I. Blackwell, Associate Member, has 
recently taken up an appointment as Mechanical 
Engineer in the City Engineer's Department, 
Bulawayo, Southern Rhodesia. 


Mr. George Butler, Associate Member, has been 
appointed to the Board of Directors of The Butler 
Machine Tool Co. Ltd., Halifax, which he joined 
as an apprentice 29 years ago. Mr. Butler (who is not 
related to the family controlling the business) started 
work in the drawing office and last January became 
Chief Designer. 


Colonel H. Cliff, Associate Member, has recently 
retired from the Service and has taken up the 
appointment of Work Study Officer at Charing 
Cross Hospital. 


Mr. Frank Clymer, Associate Member, has been 
appointed Technical Director of F. H. Lloyd & 
Co. Ltd., and also Technical Director of Lloyds 
(Burton) Ltd. 


Mr. R. Gabriel, Associate Member, has been 
appointed Managing Director of Charles Churchill 
& Co. Ltd., the parent Company of the Charles 
Churchill Group. 


Mr. G. B. Hart, Associate Member, has now 
completed his period of duty in Ghana as Chief 
Engineer to Bibiani (1927) Ltd. and Ashanti Gold- 
fields Corporation Ltd., and has returned to the 
London office of these Companies to take up the 
appointment of Consulting Mechanical Engineer. 


Mr. N. Jackson, Associate Member, has recently 
been appointed as Lecturer at the Sheffield College 
of Commerce and Technology. 
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Mr. D. J. I. Gray, 
Associate Member, joined 
W. E. Norton (Machine 
Tools) Ltd. as Technical 
Sales Manager on Ist July, 
1958, at the same time 
relinquishing the position of 
Manager, the Compressor 
Division of the Cooper- 
Stewart Engineering Co. 
Ltd., a position to which 
he was appointed on Ist 
January, 1957. Mr. Gray 
was previously the Works 
Manager of that Company. 


Mr. W. F. Marshall, Associate Member, has 
relinquished his appointment with The Rover Co. 
Ltd., Solihull, and has taken up an appointment as 
Production Control Manager at Marshall, Sons, & 
Co. Ltd., Gainsborough. 


Mr. Moresly Reay, Associate Member, has 
recently returned from Canada to take up an appoint- 
ment as Production Engineer with The Wellman 
Smith Qwen Engineering Corporation Ltd., Falls 
Foundry, Belfast. 


Mr. H. W. Rhodes, Associate Member, has now 
taken up a position with Wm. Doxford & Sons 
(Engineers) Ltd., Sunderland. 


Hazleton Memorial Library 














Mr. J. Cartwright, Graduate, is now a Grade 
“B” Assistant Lecturer at Enfield Technical College. 


Mr. S. B. Gupta, Graduate, has been appointed 
as a Works Engineer, Colombo Plan Expert, Kangaroo 
Tractor Station, Anuradhapura, Ceylon, since 
February, 1958. 


Mr. R. Stone, Graduate, has recently been 
appointed Contract Manager with Orenda Industrial 
Inc., a member of the Hawker-Siddeley Group. 


obituary 


Mr. Leonard Austin, Member, who until his 
resignation last June, was Managing Director of 
Wadkin Ltd., Leicester. Mr. Austin joined the 
Company as Works Manager in 1920, was appointed 
a Director in 1936, and Joint Managing Director, 
with the late Sir Holland Goddard, in 1948. He 
became Managing Director in 1956, when Sir Holland 
relinquished executive office. 


Mr. Austin was a Past Chairman of the Leicester 
Section of the Institution, where he will be warmly 
remembered for the considerable contribution he 
made towards furthering the work of the Institution. 





** Oxford History of Technology.” Volume III. Oxford, 
Clarendon Press, 1957. 766 pages. Plates. Illustrated. 
Diagrams. £8 8s. Od. 


This volume covers the 250 years between 1500 and 
1750 A.D., that is, the immediate pre-Industrial Revolu- 
tion period. Anyone wishing to gain further knowledge 
concerning the industrial and social pressures that led to 
the Industrial Revolution would be well advised to 
spend some time reading this work, if not in detail, at 
least with sufficient attention to absorb a representative 
selection of the wide range of crafts presented. 

The work covers technology in an _ all-embracing 
manner, dealing as it does with everything from food and 
drink to precision instruments. There is something to be 
gleaned by the students of many professions; the general 
engineer will find a great deal of fascinating information 
in most of the Parts, while Parts II and V are of 
particular interest to production engineers, since they deal 
with “ manufacture’ and “ approach to science”. Part 
III, which is entitled “ Material Civilisation ”, will be 
most interesting to the architect concerned with building, 
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construction and town planning. Part V_ will provide 
much information to the individual engaged in_ the 
instrument field and the section on “ Mechanical ‘Time- 
keepers”’ is very well presented, illustrating the very 
high standard of mechanical manufacture and science 
reached at an early date. 

The layout of the work is excellent, the print being 
easy to read and the many subdivisions employed making 
it an easy book to refer to. In this respect there is a 
very useful index. The standard and multiplicity of 
pictures and diagrams used to illustrate the text help to 
make it a delightful volume to dip into. 

This is a fascinating work, either to refer to 
occasionally or to study carefully, and one person at least 
is eagerly awaiting the publication of the fourth volume 
covering the Industrial Revolution. 

The price of the volume is eight guineas, and it is, 
therefore, unlikely to find its way into many private 
collections. This is a great pity, but for a work of such 
scholarship the price is justifiable. This volume will be a 
valuable addition to the shelves of libraries and 
institutions, a. 
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Canada. National Research Council — Technical Informa- 
tion Service. ‘* Heat Economy in Textile Plants.” 
Notes with annotated bibliography. Compiled by F. G. 
Green. Ottawa, the Council, April, 1958. 16 pages. 
Mimeo. (T.1.S. Report No. 56.) 


Garside, James E. ‘“* Process and Physical Metallurgy.” 
2nd edition. London, Griffin, 1957. 593 pages. Illustrated. 
Diagrams. 54s. 


This book is written principally for the engineer user 
of metals and alloys. The subjects dealt with are: 
ore dressing; refractory materials; fuels and furnaces; 
fluxes and slags; casting; deformation pyrometry; 
metallographical microscopy; the constitution of alloys; 
the metallic state; physical changes in metals and alloys 
caused by deformation and annealing; the joining of 
metals and alloys; powder metallurgy; metallic corrosion; 
the structure and treatment of specific ferrous and non- 
ferrous metals and alloys. 


Green, W. G. ** Theory of Machines.” London and Glasgow, 
Blackie, 1955. 1,034 pages. Diagrams. 45s. 


The main purpose of this book is to meet the needs of 
students preparing for the external degree examinations 
of the University of London, the National Certificate 
examinations; and for the examinations of professional 
institutions. The first two chapters are devoted to the 
study of “ Dynamics of a particle and of a rigid body ”, 
since, in the author’s experience, students often lack 
knowledge of the fundamental approach to this subjeci. 
Other chapters deal with the kinematics of machines 
and geometric representation of motion; the kinematics 
of machines -—— mechanisms with lower pairs; the kine- 
matics of machines —— graphical analysis; the direct 
acting engine mechanism; the balancing of machines; 
governors; valves and valve gear; friction; lubrication 
and efficiency of machines; film lubrication; belt friction; 
brakes and dynamometers and the motion of vehicles; 
higher pairing; toothed gearing; cams and cam motions; 
the vibrations of mechanical systems; motion in three 
dimensions. The worked examples throughout the book 
are taken for the most part from the examinations of 
London University and of professional institutions. 


Heiland, Robert E., and Richardson, Wallace J. ‘* Work 
Sampling.” New York, London, etc., McGraw-Hill, 
1957. 234 pages. Diagrams. Charts. Tables. 46s. 6d. 


The term “work sampling” was probably invented in 
America, although the technique was first used in this 
country. The statistician Tippett used it when he applied 
statistical sampling to the problems of loom breakdowns 
in a textile mill, It is defined by the authors of this 
book as ‘“‘a measurement technique for the quantitative 
analysis in terms of activity of men, machines or any 
observable state or condition of operation”. In a pre- 
liminary chapter they amplify this definition. This 
chapter is followed by ones giving examples of the use 
of the technique, on its basic theory, on work sampling 
routine. The mathematical bases on the technique 
(e.g., the binomial theorum) are dealt with in three 
chapters, and these are followed by chapters on presenting 
the results of work sampling, and on “selling” work 
sampling to others. Eight case studies are presented 
(including one on materials handling and one on machine 
shop incentive allowances). 


Heimer, Robert C. “ Management for Engineers.” New 
York, London, etc., McGraw-Hill, 1958. 453 pages. 
Diagrams. 52s. 6d. 


Deals with legal, financial labour and other non- 
engineering aspects of industrial management. It is 
specifically written for engineers who need to be 
acquainted with the day-to-day workings of their firms, 
both as economic institutions and as “co-ordinate 
organisations made up of individual participants”. 


Jones, E. J. H. ‘“* Production Engineering : Jig and Tool 
Design.” 6th edition. London, Newnes, 1956. 355 
pages. Illustrated. Diagrams. 30s. 


A comprehensive textbook of jig and tool design, which 
includes a chapter on the organisation of a jig and tool 
department. Two new chapters (on transfer machining 
and on deep-hole boring) have been included in this 
edition, 


Kendall, Maurice, and Buckland, William R. “A 
Dictionary of Statistical Terms.” Edinburgh and 
London, Oliver and Boyd for the International Statistical 
Institute, 1957. 493 pages. 25s. 


Prepared with the assistance of the United Nations 
Educational Scientific and Cultural Organisation. Pages 
1-319 give full definitions of English statistical terms, 
and pages 321-493 comprise ‘French-English, German- 
English, Italian-English and Spanish-English glossaries. 


Karga, Delmar W., and Bayha, Franklin H. ‘“ Engineering 
Work Measurement.” The principles, data and tech- 
niques of methods-time measurement, modern time and 
motion study and related applications engineering data. 
New York, Industrial Press, 1957. 635 pages. Diagrams. 
Charts. Official MTM Data card in pocket. 


A textbook of time and motion study with special 
reference to the MIM system. The approach to the 
subject is practical. Problems are given at the end of 
each chapter. 


King, Geoffrey, and Butler, C. T. “ Principles of 
Engineering Inspection.”” London, Cleaver-Hume Press, 


1957. 264 pages. Illustrated. Diagrams. 25s. 


Contents: The organisation of inspection -—— The 
inspection of metallic raw materials —— Inspection of 
non-metallic raw materials — Metallurgical examination 
— Inspection of primary production — Heat Treatment 
Arxti-corrosion coatings —- Interpretation of drawings 
— Inspection of machined components — Inspection 
of surface finish —- Design and manufacture of gauges — 
Critical examination of machined components —- The 
time element — The statistical control of quality 


Setting up an inspection system. 


Linder, L. ‘* Safe Working Loads for Lifting Tackle.” 
2nd edition. London, Coubro and Scrutton Ltd., Testing 
Department, 1952. 344 pages. Diagrams, Tables. Charts. 
45s. 


Notes and tables for the estimation of safe working loads. 
All the data is brought into line with the latest British 
Standards for lifting tackle. 


McCormick, Ernest J ‘“* Human Engineering.” New York, 
London, etc., McGraw-Hill, 1957. 466 pages. Illustrated. 
Diagrams. 64s. 


The author is Professor of Psychology, Occupational 
Research Centre, at Purdue University. He defines 
human engineering as the “adaptation of human tasks 
and working environment to the sensory, perceptual, 
mental, physical, and other attributes of people”. The 
author is not satisfied with the term “human engineering’’, 
but uses it in preference to other terms such as 
“ergonomics ” or “ biomechanics ”. 

Contents: Introduction — Light and _ seeing — 
Illumination — Visual displays — Colour — Sound and 
hearing — Auditory communications — Noise and its 
effects —- Atmospheric conditions — Body orientation 
and acceleration forces — Human motor activities: speed 
and accuracy —- Human motor activities: strength and 
force — Space requirements — Design and arrangement 
of controls and displays — Arrangement of equipment — 
Human beings in relation to equipment. 
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Parker, S. ** Drawing and Dimensions.” London, Pitman, 
1956. 306 pages. Diagrams. 35s. 
This book was written to explain fully the principles of 
geometry upon which the dimensioning and tolerancing 
methods outlined in British Standard 308 (Engineering 
Drawing Practice) are based. 


Parsons, C. W. S. ‘“ Estimating Machining Costs.” New 
York, London, etc., McGraw-Hill, 1957. 366 pages. 
Diagrams. 62s. 


The object of this book is to enable the engineer “ to 
study the engineering drawing of a workpiece and decide 
how it can be made, to make a breakdown analysis 
of the necessary operations, considering men, materials, 
tooling and machines, and to put time and money values 
on the various factors contributing to the completion of 
the work”, Part 1 describes the information needed for 
cost estimating (e.g., about materials, tool life, materials 
handling), and describes the techniques of cost estimating. 
Part 2 is devoted to cost estimating applications as 
related to basic types of machine tools (e.g., milling 
machines, turret lathes, drilling machines). 


Steeds, W. ‘* Engineering Materials Machine Tools and 
Processes.” 3rd edition. London, etc., Longmans, 1957. 
426 pages. Illustrated. Diagrams. 35s. 


This book is designed to give the student engineer a 
knowledge of the basic branches of mechanical 
engineering other than design. This edition is considerably 
enlarged and includes information on air gauging, 
transfer machines, contour copying and tape control of 
machine tools. 


Contents: Testing and mpertion of engineering 





The production of castings — Forging — Press tool work 
and spinning—Fabrication by welding—Plastic moulding 
Classification of machine tools — The lathe — Tool 
life — The capstan and turret lathes — The machining 
of holes — Jigs and fixtures —- The milling process - 
Planing, shaping and slotting machines —- Broaching — 








Gear cutting —- The grinding process — Honing, super- 
finishing and lapping — Measuring methods and gauging 
~~ Transfer machines and automation. 


Wolfe, John H., and Phelps, Everett R. “ Practical Shop 
Mathematics.” 3rd edition. 2 volumes. New York, 
London, etc., McGraw-Hill, 1948 and 1949. Vol. 1, 
Elementary, 370 pages. Vol. 2, Advanced, 356 pages. 
35s. 6d. each, 


Walker, Charles R. ‘* Toward the Automatic Factory.” 
A case study of men and machines, New Haven, Conn., 
Yale University Press; London, Oxford University Press, 
1957. 232 pages. Illustrated. Diagrams. 30s. 


This book presents the results of a study undertaken on 
behalf of the Institute of Human Relations of Yale 
University. It is a sociological study of the effects of 
introducing semi-automatic machinery into an American 
steel mill (the Lorrain works of the National Tube 
Division of the United States Steel Corporation). It can 
be compared with a similar study undertaken in this 
country by Liverpool University’s Department of Social 
Science of the relations between technical change and 
the social structure of a large steel works. (Technical 
Change and Human Relations. Scott, Banks, Halsey and 
Lupton. Liverpool University Press, 1956. Noted in the 
Journal, January, 1958.) 


West, John C. “ Textbook of hani ig 
London, English Universities Raat 1983, Reprinted 1955. 
238 pages. Illustrated. Diagrams. 25s. 





“An elementary textbook for scientists and technologists 
in the field of physics, mechanical, electrical and pro- 
duction engineering. The text, which is presented in an 
elementary manner, describes the scope and principles 
of automatic control and the techniques of design which 
are used in these systems. Each new idea is introduced 
by a simple example, the behaviour of which is explained 
on physical grounds and is accompanied by a mathe- 
matical analysis.” 





A supplement to the Hazleton Memorial 


from the Librarian. 


Library Catalogue is available gratis 


An annotated bibliography on The Effect of Technological Progress on 


Education is also available from Headquarters, price 2s. 6d., or 3s. 6d., by post. 
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STANDARD MOTOR CO. LTD. 
USE WAKEFIELD - DICK 


ILOQUENCH OILS 





Wakefield-Dick pioneer research into 
oils used to enhance the mechanical properties 
of steels. The Standard Motor Company knows 
from experience that the stability and efficiency 
of the Wakefield-Dick range of ‘Iloquench’ 
Quenching and Tempering oils make them an 


essential part of heat treatment processing. 


WAKE FIELD-DICK 
INDUSTRIAL OILS 
LIMITED 
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*TLOQUENCH’ in use at the heat 
trea.ment plant of Standard’ 
Banner Lane factory — one ot 


the most modern in the country 


67 GROSVENOR STREET, LONDON, W.1]. A MEMBER OF THE WORLD-WIDE WAKEFIELD CASTROL ORGANISATION 
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METERING WITHOUT MERGURY 


WITH THE 


GSXS9 FLOWMETER 








93” long by 74” diameter 


THE MODERN METHOD OF FLOW MEASUREMENT _ | 


e Full over-range protection. 





e Ranges from 0-20” to 0-500” w.g. with same bellows unit. 


e Full range of instruments, including Recorders, Dial Indicators, 
Pneumatic Transmitters, Recorder/Controllers and Electric 
and Spring Integrators. 


e Many hundreds already installed and proved in a wide variety 
of applications. 


e Now in full production at our Lewisham and Rochester works. 


Write for full details to: 


a ' L j ‘@) Y y ELLIOTT BROTHERS (LONDON) LTO., CENTURY WORKS, LONDON S.E.13 (TIDEWAY 1271) 


A MEMBER OF THE ELLIOTT-AUTOMATION GROUP 
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This... § ...is a line we’re not shooting! 


New, dramatically improved Mobil DTE Oils give a balanced protection 
and service performance that no other oil on the market today can equal. 


New Mobil DTE Oils for hydraulic and circulating systems have 

many specific advantages which, taken together, make a convincing reason for 
preferring them to any other oils of their kind. Here are some of the 
advantages you will get if you use new Mobil DTE Oils: 


LONGER OIL LIFE vw 


STABILITY AT ALL TEMPERATURES ww 


NEW 

balanced 
Mobil DTE Oils 
for protection 
and performance 
no other oil 
can equal 


FREEDOM FROM DEPOSITS w 
PROTECTION AGAINST RUST AND CORROSION ww 


QUICK SEPARATION FROM WATER ee 


LESS WEAR i 


ASK THE MAN FROM MOBIL 


This line is no exaggeration. It is the plain truth, 
proved in careful tests against other well known hydraulic and circulating 
oils. The line down our left-hand margin is taken from a chart of these 
tests. Ask your Mobil representative to show you the chart. He will 
explain how, on balance—on the results of all the tests— 

new Mobil DTE Oils show a clear advantage that can mean lower 
costs and improved production in your business. 


MOBIL OIL COMPANY LIMITED, LONDON S.W.1 
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hydraulic applications 


CUT AWAY TO SHOW 


COMPONENT PARTS qe aa ‘ es 


) DRONZE GUIDANCE 8iNG —————— 


The Sta ndar d PISTON RING & ENGINEERING COMPANY LIMITED 


Established 1893 








ADVANTAGES OF STANDARD’S BUILT-UP 

ee eR PISTON ASSEMBLY 

@ All faces of assembly precision ground, permitting 
clearances to be reduced to a minimum. 


@ No possibility of ring distortion due to springing 
over solid piston. 


@ Any length of assembly can be built up to suit 
customers’ requirements. 


PREMIER WORKS * DON ROAD - SHEFFIELD 9 * ENGLAND 
Telephone : Sheffield 42076-7-8 (3 lines) Telegrams : Ocean, Sheffield 9 
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Ith ENGINEERING — 
DISPLAY 


OCTOBER 21-23 1958 


AT THE 


ROYAL HORTICULTURAL SOCIETY’S | 
NEW HALL 


GREYCOAT STREET, LONDON, S.W.| 


PRODUCTS & PROCESSES OF 
THE ENGINEERING INDUSTRY 


ENTRY FREE BY TRADE CARD 
or Ticket from the London Regional Secretary 








Catalogue on application; Post Free 2/- 


21ES ASSOCIATION 


HONE WELbeck 224! 












9,SEYMOUR STREET, LONDON W. 
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SMITHS 
‘Magnetic Particle WOUPLING 


which combines:—the resilience of the hydraulic coupling and the positiveness 
of the frictional coupling. It is revolutionary in that driving and driven elements 
are coupled by magnetically-activated particles. It has these advantages :— 










Accurate torque control Perfectly smooth operation 
No mechanical engagement and thus negligible wear No slip rings—excitation coil is stationary 
Accurate torque limiting slip on overload Remote contro] at any distance 
Acts as brake or coupling in either direction Dynamic and static coefficients of friction equal 





The range comprises eight standard units with torque capacities from } to 200 lb/ft. 


SMITHS Magnetic Particle COUPLING is unique, its potentialities enormous. 
Let us advise you, therefore, how best to use it in your particular field. 


INDUSTRIAL PRODUCTS DEPARTMENT. WITNEY, OXON. 
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TYPE ‘A’ 
High Quality, Medium Capacity Lathes 


These Swift lathes are capable of heavy-duty cutting 
and the range of speeds provided is adequate to take 
full advantage of carbide tooling. Available in two 
sizes, Type 9A with swing over bed I8}in. by 4ft. Oin. 
between centres, and Type 11A which swings 22+ in. 
by 5 ft.9in. Write today and ask for the complete 
specification of Swift ‘A’ type lathes. 


GEORGE SWIFT & SONS LTD. 


HALIFAX ENGLAND 


Sales & Service for... DRUM ha do D-ASOU ITH . . . the British Isles 


DRUMMOND-ASQUITH (SALES) LTD., KING EDWARD HOUSE, NEW ST., BIRMINGHAM 


"Phone: Midland 3431 (7lines) ’Grams: Maxishape,B’ham. Also at LONDON: Phone: Trafalgar 7224 (Slines) and GLASGOW: ‘Phone: Central 0922 
S$ 30) 
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Fast, automatic multi-tool turning 


This ‘‘ Maximinor”’ is turning automobile rear axles—an example of high output, accurate 
production. The machine operates on an automatic cycle controlled by a single push-button. 
Automatic loading can be considered for many components, whereby the ‘‘ Maximinor ” becomes 
a completely automatic production unit. Max. swing over bed |2in. and over slides 7in. 
Distance between centres /8in., 30in. or 42in. 


DRUMMOND BROS. LTD. 


GUILDFORD - ENGLAND 
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Sales & Service for... DRUM MOND-ASQUITH . .. the British Isles 


DRUMMOND-ASQUITH (SALES) LTD., KING EDWARD HOUSE, NEW ST., BIRMINGHAM 


"Phone: Midland 3431 (7lines) "Grams: Maxishape,B’ham. Also at LONDON: Phone: Trafalgar 7224 (Slines) and GLASGOW: ‘Phone: Central 0922 
0273 
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short-handed ? 


Only one pair of hands is required to operate the Azoflex model 221 to produce prints in large 

quantity —dried, flat and ready for immediate trimming and collating. No darkroom, no 

elaborate ventilating system and ducting are necessary as there are no unpleasant fumes, and 

therefore AZOFLEX machines are completely mobile to facilitate reorganisation or expansion. 

Exposing, developing and print delivery are all synchronised for an even flow of finished work, 

and output in excess of 100 20” 30” prints per hour can easily be achieved. AZOFLEX is the only 

—— ee daylight reflex copying process and it is the only 

— — : = photoprinting process to apply a measured dose 
- a of developer, thus ensuring optimum quality. 

= The majority of AZOFLEX photoprinting 

— _— machines can, subject to certain conditions, be 

a atte hired as an alternative to outright purchase, 

where this is preferred. 


AZOFLEX MODEL 221. Combined synchronised printer 
and developer. Capacity: cut sheets and rolls up to 42 in. 
wide. Printing speed: from 6 in. to 15} ft. per minute. 
Dimensions: Height 52 in. Width 673 in. Depth 52 in. with 
delivery tray extended. Weight: approximately 850 Ibs. 


ILFORD 








Enquiries to: Ilford Limited, 
Industrial Sales Dept. AZ14AA, 
Ilford, Essex 

Telephone : Ilford 3000 












MACHINES AND MATERIALS FOR DRAWING OFFICE PHOTOPRINTING 
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For every motor 
there is a 
uare D starter 


THE PIONEERS IN 
VERTICAL ACTION DESIGN 

























200 H.P. 
Vertical Action 











Direct-on-line 


Starter. 





oe ae Only Square D vertical action starters give 
From general engineering up to the heaviest industry every starting 


need can be met by Square D. Industrial experience on the widest you these six advantages... 

scale has made this range possible. Exceptional design and production 1. Quick Installation. 

skill has realised the highest standards of electro-mechanical reliability. 
Wherever magnetic starters are required—regardless of the motor— 





2. Top performance. 








they can be readily found from Square D. 5. Real overload protection. 
In the direct on-line-range there are starters for non-reversing, rever- 4, Easy inspection and maintenance. | 

sing, and all multi-speed requirements. In the reduced voltage range 5, Wide range adaptability. 
there are Star-delta, Primary resistor, Auto-transformer, and Stator- 6. World-wide market acceptance. 
rotor starters. 
For information on the complete range, write for Bulletin 8536. To have 

the best 
Square D products are stocked by leading electrical wholesalers throughout Gt. Britain Specefy 

Square D 


FIELD OFFICES — LONDON BIRMINGHAM MANCHESTER * GLASGOW 


SQUARE Jj LIMITED 
















100 ALDERSGATE STREET, LONDON E.C.I Tel: METropolitan 8646 
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13 dia. Steel Bar, En.8 Tungsten Carbide and 
40 Ton Tensile Steel H.S. Steel Cutting Tools 
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No. 7 CAPSTAN LATHE 0s"sin'u'tat'nzo 





Tool Position 





Spindle Surface Feed 
DESCRIPTION OF OPERATION Speed Speed Cuts 
Hex. Turret | Cross-slide R.P.M Fr. per Min. | per inch 





= 1000 - Hand 
= 1000 460 Hand 
Front 1000 460 152 
1000 460 133 
— 1000 295 | 133 
— 1000 425 | Hand 
Rear | 1000 360 Hand 


| | 


Feed to Stop and Centre Drill - - 

Start Turn 13” and 2” dia. 

Support and ‘Double Turn 13” and 13° dias. 

. Tangential Turn 13” dia. - - 

. Multi Turn 3” and § " dias. - 

. Radius, Chamfer and End (Multi-Tootholder 
Support and Part Off 








Om RWNN — 
| 




















Floor-to Floor Time: 34 mins. each 


eC) SELLY. «OAK 
BIRMINGHAM 29 


LTD TELEPHONE SELLY OAK //3/ 


MACHINE 
$ 
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model J] 6 


Unitrace Profiling 


Lathe 





> 


ob: 622 
5 << ak 


TURNING STANDARD SLIDING 
PROFILING, BORING ~ SURFACING & SCREWCUTTING 
SURFACING LATHE ALL IN ONE MACHINE © 


Be it 





ASSOCIATED BRITISH MACHINE 


TOOL MAKERS LIMITED 2) p JOHNSTONE RENFREWSHIRE SCOTLAND 
\ 17 GROSVENOR GARDENS SW! te o/s Telephone : Johnstone 400 Telegrams: ‘‘ Lang Johnstone ’’ 


C LONDON OFFICE Us s JOHN LANG & SONS LTD. 
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cone 8° Chill 
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AUTOMATIC SIZING 
INTERNAL GRINDING MACHINE 


CHURCHILL Automatic Sizing Internal 
Grinding Machines are renowned for 
their accuracy and speed of produc- 
tion. The extensive experience gained 
from supplying very many machines 
has been fully utilised in the Model 
“HBM’ to ensure highly efficient 


operation over a wide range of work. 


















Single or double automatic cycle operation according to work. 
Plunge cut and traverse grinding. 

Feed accelerator reduces production time. 

Exceptionally wide range of roughing and finishing feeds. 
Diminishing rate of feed to zero with variable electric dwell at 
size position. 

Adjustable oscillation for building-up finish on blind end and open 
short length bores. 

Hand feed to dead stop for plain internal grinding. 
Operational safety — provision for immediate interruption of 
automatic cycle for emergency run-out — enclosing of dogs and 
plungers eliminates “ finger traps ”. 

Can be equipped for combined hole and face grinding. 


THE CHURCHILL MACHINE TOOL CO. LTD., BROADHEATH, nr. MANCHESTER. 
Telephone : Altrincham 3262. 


PRECISION plus PRODUCTION 
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Telegrams : Churchale, Manchester. 
Export Sales Organisation : Associated British Machine Tool Makers Ltd., London, 
Branches and Agents 
Home Selling Agents: Charles Churchill & Co. Ltd., Birmingham and Branches. 
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Economical . Sturdy 
Flexible in Toolroom 
or. Production Shop 


MAKERS OF PRECISION HALIFAX ENGLAND 
SHAPERS 
SLOTTERS 
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H.7 HORIZONTAL 
UNIVERSAL HOBBER 













Powerful and rigid. Suitable for climb or 
orthodox hobbing. Built-in differential for 
helicals. Heavy duty or high spiral 

angle hob heads. Taper hobbing attachment 
available which also permits combined 
plunge and axial feeds to be used for 
hobbing gears in between shoulders. 













Write for 
DOWDING & DOLL LTD the fully 
346 KENSINGTON HIGH STREET, LONDON, W.14 ied 


Telephone WESTERN 8077 (8 lines) Telegroms. ACCURATOOL HAMMER LONDON 





brochure. 
153 

















NRP 2154 











The Institution of Prodyction Engineers Journal 








Fully automatic 


+ e F + Copying 
Lathes 


| Automatic programme: 


Loading and unloading 
Spindle actuation 

Multi-cut cycle 

Automatic diameter control 


Setting up and changeoverremains quick and easy. 
The programme may be cut into at any time. 
| No rejects. 


Two or more machines may be coupled together 
| to form a fully automatic group. 


One man can attend to several machines or 
groups of machines. 


Every motion may be preselected individually, 
| thus also permitting operation of the machine by 
> hand. 





Total time =—__ 4 . 
per workpiece 2 J WU. 











ole Agents in the U.K 


W/\O (C1 A PANN 


ASSOCIATES LIMITED 


4 QUEEN STREET, CURZON Siweer. 
LONDON, W.I. Telephone: GROsvenor 8362-5 


Midland Office & Demonstration Room 
WILFORD CRESCENT, NOTTINGHAM 
Telephone : NOTTINGHAM 88008 
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powerful, 
portable, 
economical 





OF sYorms telecereltraae mm. ya (etbelsmeyeloe:1ce) es 
regard this Extractor as a natural 
(ereseeter-terleyeme) Mm Qa lebtersam sxe netteseetoela 
It is often more portable than the 
gE Velabierolar-teleme-teMelom:\ oye) i(aem Ce) 
any welding job. In this way 
protection of operators is assured. 


othe FUME 


SPENCER & HALSTEAD LTD 


BRIDGE WORKS OSSETT YORKSHIRE Tee OSSETT 821-4 GRAMS SPENSTEAD 
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Do more jobs more easily 


with VDF Lathes -— 


Types 36 and 44 


extremely versatile, with a high degree of finish. 
up to 30 spindle speeds from 11 to 2240 r.p.m. 
smooth, even transmission and control at all speeds. 


large base area and box section construction ensures 
exceptional rigidity. 


six models available. 
a wealth of additional equipment is offered. 


fully descriptive literature on request. 





BRIEF SPECIFICATION 


Type 36 Type 44 
swing over 
bed 154” 


centre 
distance 293” 


height of 
centres 7k” 


main spindle 
bore 2” 


no. of 
speeds 18 or 30 


speeds— 
r.p.m. 11-2240 


Sole British Agents 


SYKES 


Machine Tool Co. Ltd 


Hythe Works, The Hythe 
Staines, Middlesex 
Telephone 

Staines 5076 (3 lines) 
Telegrams Sytool Staines 
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.. is more suitable than a complex, conventional lathe 


for such operations as... 


SHORT TURNING 
DRILLING 
RADIUSING 
FACING 
KNURLING 
UNDERCUTTING 
CHAMFERING 
GROOVING 


Built in two basic types with either a 
simple, lever-operated tool slide and a 14” 
collet chuck or a compound slide and a 
Pratt 5” 3-jaw chuck, but this arrangement 
can be altered, if required. 

Special brackets or fixtures can be fitted 
to suit special applications. 

Number and range of speeds available (8) 
280-2,340 r.p.m. (4) 330-1,480 r.p.m. or 
(4) 440-2,000 r.p.m. 








Occupies only 3’ 0° x I’ 6’ 


floor space | 








Now available for Early Delivery 


AD.402 

















screw 
thread 
inserts 
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Heli-Coil Inserts are self-locking thread liners made 
from high tensile stainless steel wire. In tapped holes 
they provide a conventional thread with higher loading 
strengths and greater resistance to wear and stresses 
than unprotected threads. The Heli-Coil eliminates 
stripping, seizing, galling and corrosion. It literally 
armours the thread. The Heli-Coil offers a unique 
opportunity for product cost revision. It is ‘‘a natural’”’ 
for automation, it can make dramatic cuts in time and 
labour costs. Assembly is the ultimate in simplicity— 
just drill, tap and install. The Heli-Coil saves weight 
and space. It improves the serviceability and appear- 
ance of the end product. We suggest you write soon 
for data on Heli-Coil, the British-made Insert that is 
available internationally. It is a product of the day 
and this atomic age. 

For further details write to Dept. H.E.8 


ARMSTRONG PATENTS CO. LTD. EASTGATE, BEVERLEY, YORKSHIRE 
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Araldite Resins for Tooling is the title of a new 
booklet describing processes which save a great deal 
of time and money. It gives methods and formulae 

covering the following applications of epoxy resins. 








AA EE aaa ai Neat BHI 






may we 
send you 
a copy? 





Jigs, fixtures and 
duplicate models 





Press tools 





Drop hammer dies 





Rubber press tools 





Stretch blocks 





Vacuum forming tools 





Matched moulds and 
rubber bag moulds 














Joggle blocks 











Hammer forms 














Router jigs 








Araldite GOWN AYN) 





Araldite is a registered trade name 


te I B A (A ‘ R ‘ L.) L | M IT E D Duxford, Cambridge. Telephone: Sawston 2121 
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MODEL ‘70’ JUNIOR 
7’ CENTRE LATHE 


*% 


MODEL ‘85’ 
8% CENTRE LATHE 









2 H.P. motor, 8 speeds, 30-437 
r.p.m. also alternatives 44-640 
r.p.m. and (when fitted with 
2-speed motor) 30-874 r.p.m. 
Sizes to admit 45”, 54” and 72” 
between centres. The Cabinet 
base illustrated is an optional 


* 


10 H.P. motor, 12 spindle 
speeds 21-945 r.p.m. Ideal for 
fast production, and tool-room 
work. Also made in 104” size. 


WOODHOUSE & MITCHELL 


WAKEFIELD ROAD -: BRIGHOUSE - YORKS 


TELEPHONE: BRIGHOUSE 627 (3 LINES) TELEGRAMS: ‘WOODHOUSE, BRIGHOUSE’ 


extra. 
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RAWLBOL TS 
For heavy fixing to Ceilings, Walls & Floors 


Rawlbolt fixings in concrete, whether in 
set ceilings, walls or floors, are fast and 
efficient and make real savings in time 
and money. 

Older methods of fixing involve 
laborious chiselling of holes, grouting 
in and waiting several days for cement 
" to harden. With Rawlbolts, the job is 
. far simpler and quicker. Drill a hole, 
insert a Rawlbolt and tighten up. Your 










500” 
OOO 
nee 
B6550 

















OLA 4 , __—— equipment is fixed and ready for use 
SS immediately. 
Civil Engineers, Consulting Engineers, 
Building Contractors, Structural 
Engineers are large and regular users 
of Rawlbolts. 
TWO TYPES OF RAWLBOLT 
\ LOOSE BOLT 
Bolt A> PROJECTING 
. TYPE KR Se). ‘A for fixing 
for fixing | \g~D< to walls 
to floors }- mer and ceilings 
/ 
/ 
For more information, please write for 
Dimensional Chart of the Rawlbolt Range and / 
full descriptive literature. 4 “cd 
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THE RAWLPLUG COMPANY LTD., 
CROMWELL ROAD, LONDON, S.W.7. 
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The apprentice was right in the groove about the 
coolness of the lathe tools, but the way he 
put it was guaranteed to generate heat. 
“ Dig those cool cuts, my Aunt Sabrina ! ” 
our Oldest Hand grumbled. “‘ One of these 
days you'll get such a hot rhythm 
beaten on your big base, you'll need 


Sternosol-Six * to cool you down.” 





And before the boy could recover from 
this, our O.H. made the unkindest cut 
of all: “ Yes, my lad, you'll be a real gone 


man, unless you use the best cutting oils.” 
cutting oils 


* Our full range of straight and soluble cutting oils is described in Schedule SS638 





STERNOL LIMITED - ROYAL LONDON HOUSE - FINSBURY SQUARE - LONDON E.C.2 - MONarch 3871-5 
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Ford industrial engines are a_ practical 
proposition for many industrial equipments 
. .. Compressors, cranes, pumps, contracting 
equipment, earth borers, generators, railcars, 
welding plant, works trucks, tractors and 
conversions. Simple design, modern flow- 
line production methods and common 
interchangeable parts contribute to the 
low cost of these high efficiency engines. 
And remember, every Ford engine is fully 
backed by a World-wideSpare Parts Service 


a: = 


Wherever you are, whatever your problem, we 
are at your service. For further details of 


2009 





and the equipments they power, contact your 
nearest Ford Dealer or write to 














industry 


Organisation. Take your choice from a 


wide power range... Diesel 30 to 86 
b.h.p. and Petrol 21 to 87 b.h.p. (12-hr. 
rating). 


DIESEL ECONOMY-—have you con- 
sidered the replacement of existing power 
units in your equipment and _ trucks 
with the famous Ford 4D Diesel engine? 
You'll have the unique advantages of 
economy, long-life and low running costs 
. . . plus the best service in the World! 


a PE. on 


INDUSTRIAL 
ENGINES 


FORD MOTOR COMPANY LTD - PARTS DIVISION - AVELEY DEPOT - SOUTH OCKENDON - ROMFORD - ESSEX - ENGLAND 
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CASTLE PRODUCTS LTD 


slashed production times on these 
components with the... 


CONSIDER THESE AUTHENTIC FIGURES 








Orrisan 











No I. approx. 400 per 8 hour day instead of 100. 
Nos. 2, 3,4, do. 200 do. 75/90. 
No. 5. do. 400 do. 130/140. 
Price of machine 
4 I! 
a illustrate Se OO 11” SWING LATHE 
Photos by courtesy of Messrs. Castle Products Ltd. with copying equipment 


‘ < TT. “ x : ~ : 
T.S. HARRISON & SONS LTD, HECKMONDWIKE, YORKS. SEND FOR FULLY DETAILED LEAFLET TODAY 


























come to 


LAPOINTE 





for better 


broaching 


Vertical Internal 
Broaching Machine 
broaching Crown Wheels 
(bore 74”/9” diameter) 
fully automatic loading 


and unloading. 


Capacity : 5/50 tons. 
Broach lengths : 42/68 inches. 
Can be supplied for 


1, 2,3 or 4 stations. 


British Made 
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The Lapointe Machine Tool Co Ltd 
Otterspool Watford-by-Pass Watford Herts 

Telephone Gadebrook 3711 (4 lines) Cables Lapointe Watford 

Also The Lapointe Machine Tool Company Hudson Mass. USA 
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Because of the depth of anvil section 
the caliper is particularly suitable 
for gauging Acme forms of thread. ‘. 





Precision measuring machine 
for checking the pitch of the 
anvils. 


The radiused anvils do not roll 
and having annular - thread 
forms, they can be used for 
either left or right hand 
threaded work pieces. 


Featuring Horstmann gauges 


The Horstmann Model 52 Screw Caliper Gauge puts accuracy in your hands. 
In addition to the features displayed above it incorporates many other 
advantages all of which contribute to fine accuracy, versatility, long life and 
ease of handling. All shearing action is eliminated — adjusting screws allow 
for a wide range of work diameters and tolerances and obviate the necessity 
for regrinding — the absence of projections makes the caliper suitable for 
gauging shouldered work and Model 52 is available in a full range of B.A., 
American, Unified, Whitworth and Metric forms of thread. It is normally 
supplied as a ‘GO’ and ‘NOT GO’ combination gauge so that both 
tests can be applied in one action, but is also available as ‘GO’ only or 
“NOT GO’ only. 

Horstmann also make screw or plain Plug and Ring type gauges. All 
these precision instruments are guaranteed for accuracy, hardness and 
finish to the requirements laid down by the National Physical Laboratory. 


May we send you descriptive leaflets ? 


PLUG,RING & CALIPER GAUGES 


THE HORSTMANN GEAR COMPANY LIMITED 
NEWBRIDGE WORKS - BATH - ENGLAND - Tel.: 7241 
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SKODA 


Vertical Boring and 
Turning Mill 


Model SK 12 


This versatile machine, of the most 
modern design, can be seen at our 
showrooms where it is available for 
immediate delivery. 

High table speeds, infinitely variable 
Anti-friction bearings fitted to spindle 
Drive through variable-speed, com- 
mutator motor Cross-rail automatically 
clamped and unclamped when raising 
or lowering. 































BRIEF SPECIFICATION 

















Maximum swing with side head... ... .... 49 in. 
Maximum swing without side head ..._.... 53 in. 
Maximum distance between table 

and rail head toolholder Sie hes) detec, SA 
Table diameter ; . 464 in. 
Infinitely variable speed ees . 3-§5-150 r.p.m. 
Variable speed motor output i 37 RW 


Weight of machine I§ ton 12 cwt. approx. 














@uSO 


Sole Agents 





AW clammelal eset E-Kelabbete 


-45 MINERVA ROAD, NORTH ACTON, 


Elgar 4000 (10 lines) Telegram 





immediate delivery from our 
London Showrooms 


SUBJECT TO PRIOR SALE 


iMoas 


LONDON, N.W.10 
NW 10 


Ltd 
B00 


GROUP 
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CHIP GROOVING WHEELS 


Sn NTR 


Yj 





Your problem of chipbreaker 
grinding can be solved by 

the combination of the 

Neven diamond impregnated 
chipbreaker wheel used 

in conjunction with the G.F.3 Mark II 
Universal Cutting 

and Tool Grinding Machine. 

The G.F.3 machine can also be 
supplied with an automatic traverse 
and we will be pleased 

to arrange a practical demonstration 
of this equipment. 


y 


Neven diamond impregnated tools for Grinding, 
Cutting and Drilling the hardest materials 


SOLE AGENTS FOR NEVEN TOOLS 

FOR TUNGSTEN CARBIDE APPLICATIONS 
IN THE UNITED KINGDOM, 

MESSRS. WICKMAN LIMITED OF COVENTRY 


IMPREGNATED DIAMOND PRODUCTS LTD 


OF GLOUCESTER - ENGLAND 
TELEPHONE 21164 (3 LINES) - TELEGRAMS IMPREG GLOUCESTER 
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YOURS PRECISELY... 


W. E. Sykes Ltd.—specialists for more than 30 
years in the design and manufacture of machines 
and tools for gear production— invite a closer 
look at the model VIOA gear shaper. 

External and internal spur gears, helicals, 
sprockets, serrations, racks, ratchets and many 
intricate profiles can be 

produced by this versatile machine. 

The precision model VIOA will generate with 
extreme accuracy gears up to 8 inches in diameter 
and from 12 to 64 D.P. Tooth to tooth and total 
composite errors are guaranteed to be within the 
Admiralty Class | specification 

‘Precision Gearing for Control Systems’. 

Fullest details and descriptive literature are 
freely available, together with the experience 

of the Sykes Technical Advisory Service. 


PRECISION 
GEAR SHAPERS 


W. E. SYKES LTD - STAINES - MIDDLESEX - ENGLAND 


and associated companies 

Sykes Tool Corpn. Ltd., Georgetown, Ontario, Canada. 
Sykes Machine & Gear Corpn., Newark, N.J., U.S.A. 
W. E. Sykes Ltd., Mascot, Sydney, N.S.W., Australia. 
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Shaping in 33 hours by electro erosion 


This die for the field laminations of a small electric 
motor was cut in a previously hardened 1” die plate 
in 34 hours. The method—electro erosion by GKN 
Spark Machine. 

Now consider. How long would it take you to shape 
the same die by normal methods? cGxn Electro 
Erosion simplifies the cutting of complex shapes; 
makes easy the working of hardened steels and 
tungsten carbide. 


A cKN Spark Machine gives a high cutting rate with 
low electrode loss and a good surface finish for dies, 
moulds, press tools and form tools in designs of this 
difficult and intricate nature. Its operation is safe, 
simple, speedy and accurate. A GKN Spark Machine 
can bring speed and accuracy to your operations. 
Further information detailing the full advantages is 
available from Welsh Metal Industries or Sales Agents 
and carries no obligation. 


(6 Xi] spark machine 


DESIGNED BY THE GKN RESEARCH LABORATORY 


Manufactured by 


WELSH METAL INDUSTRIES LTD., Caerphilly, Glamorganshire. 


Sales Agents 


M. C. Layton Limited, 96-98 Victoria Street, London S.W.1 
Rudkin & Riley Limited, Cyprus Road, Aylestone, Leicester. 

























The experience gained through manufacture of precision 
grinding machines for almost a quarter of a century, combined 
with extensive research into current customer requirements 
are co-ordinated to perfection in this extremely sturdy machine 
with controls streamlined for ease and speed of operation and 
accessibility for servicing the keynote of construction. 
Although primarily a plain grinder with a considerable 
reputation for output, accuracy and finish of components; 

a wider range of equipment provides facilities for grinding 
convex and concave radii, angle and shoulder work, special form 
and centre grinding. A self-contained internal grinding 
attachment supplied to order converts the basic machine 

into a precision semi-universal grinder. 





full details on request to 


NEWALL GROUP SALES LTD 
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why pick on us P 


Yes, why? asks the motorist, 

faced with yet another demand on his 
purse — parking meters. Well, it’s a good 
question, and maybe the Minister of 
Transport knows the answer. But if you’ve 
got to pay, you’ve got to pay — and 

here’s a meter that’ll make it almost a 
pleasure (road funds to you, too!). 
It’s the Duncan Miller Model 60, 
now being made in this country 

by Adams Powel Equipment Ltd. 
They picked on us to 

cast the parts— 90". of 

them in zinc. The largest 

weighs 5}? lbs., the 

smallest 0.013 lbs. Have 

you got a pressure 

Y die casting problem? 
Come and park it on us. 


MONDAY ro SATURDAY 


Sam toGm | 





















































the whole in one 
SOo> ZINC 4 


¢ BRITISH DIE CASTING AND ENGINEERING COMPANY LIMITED 


& oF N 
WEST CHIRTON TRADING ESTATE, NORTH SHIELDS, NORTHUMBERLAND 
NORTH SHIELDS 2100. 





le caste®™ 





Also at EDWARD ROAD, NEW BARNET, HERTFORDSHIRE. TELEPHONE: BARNET 9211. 


CRC 33 
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WEDGLOK 
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Wedglok nuts are completely self-locking. They will not 
work loose through vibration or reversal of stress. They 
need no locking devices—and the locking-action is unaffec- 
ted by age or temperatures within the normal range. 


How is it done? 


In a Wedglok nut the locking element consists of a tough, 
resilient nylon pellet. This is inserted in the body of the nut 
and projects slightly above the crest of the thread. When the 
nut is turned the pellet sets up a wedging action, gripping 
the threads tightly. This counter-thrust creates metal to 
metal engagement of mating threads. The Wedglok principle 
can be applied to screws as well. 


D If it’s a matter of how to fasten one thing G « N 
to another... get in touch with 


Wedglok Self-Locking Products are manufactured under licence in the United Kingdom solely by 
11 Guest Keen & Nettlefolds (Midlands) Ltd., Screw Division, Box 24, Heath St., Birmingham 18. Tel: Smethwick 1441 


> 33 S/WK/3825 
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Increase production with NEW 


PHILIPS 


DRIVING MOTOR 


\ 





Dut 


T CLARIFIER 





COOLAN 


Cot eee incorporating ‘Magnadur'’ 







ceramic magnets 








GEAR BOX 


COOLANT OUTLET 


(Both sides) 





Higher Production rates The heart of the New Philips ‘Magna-Drum’ coolant Clarifier 


Finish improved. 


Completely automatic. 


Fewer wheel dressings 
Coolant saved 


Sludging of settling 
tanks prevented 


is a compact unit which is magnetic over its whole surface area, 
and incorporates ‘Magnadur’ high power ceramic magnets. The 
equipment will filter straight cutting oils or soluble oil coolants 
without any modification. A very high proportion of grinding 
abrasive is always entrained in the ferrous swarf collected. Standard 
‘Magna-Drum’ Clarifiers are available for handling flows of 
300 g.p.h. to 7,500 g.p.h. British Patent No. 765495. 

4 Larger equipments can be designed 


yN to suit special applications. 
PHILIPS 4 THE DEPENDABLE FILTERS 


is] PHILIPS ELECTRICAL LTD 


FILTRATION DEPARTMENT 





Century House + Shaftesbury Avenue + London + WC2 
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COOLANT INLET 


*MAGNADUR’ RINGS 


SCRAPER PLATE 
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All standard types in stock 


... for precision lathes, watchmakers lathes, milling machines, 
drilling machines, etc. Crawfords, specialists in collets for more 
than sixty years, can supply collets of every size and shape, 
all standard types being held in stock—and specials can always 
be made to your specifications. Write now for further details. 


CRAWFORD COLLETS LIMITED 


WITNEY - OXON - TELEPHONE WITNEY 334 





London Stockists: Acbars Limited, 16-18 Macleod Street, Walworth Road, London, S.E.17. RODney 7191 

Midland Stockists : Retselp Engineering Ltd., Vulcan Road, Industrial Site, Lode Lane, Solihull, Birmingham. Solihull 2239 
Agents for South-West England & Wales : W.O. Bullock & Sons Ltd., 126 Rodbourne Road, Swindon, Wilts. Telephone : Swindon 6331 
Agents for Scotland : R. McSkimming & Co., 65 West Regent Street, Glasgow, C.2. Telephone : DOUglas 7391-2 
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™ ( the shape of things we handle 


Cars, crates and cases, bottles, bags 














and bacon, no matter what the product is, 
Paterson Hughes can supply a materials 
handling system specially suited to fulfil the 


requirements of your particular needs. 
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Car assembly line at a Rootes Group Factory 


MECHANICAL HANDLING ENGINEERS AND CRANE MAKERS 

PATERSON HUGHES ENGINEERING COMPANY LIMITED 

AT E R S ON H U G H FE WYNDFORD WORKS MARYHILL GLASGOW - TEL MARYHILL 2172-4 

p BEDFORD HOUSE BEDFORD STREET LONDON WC2 - TEL TEMPLE BAR 7274-6 
ENGINEERING COMPANY LIMITED 8 CHATHAM STREET PICCADILLY MANCHESTER - TEL CENTRAL 6023 

PATERSON HUGHES ENG SA (PTY) LTD PO BOX 811 JOHANNESBURG 
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_ GRINDING 
} JAGUAR’ 
CRANKSHAFTS 


FOR 
CONSISTENTLY HIGH 
RATES OF PRODUCTION 


These PRECIMAX MPB 
14/40 Plain Cylindrical 
Grinding Machines yield 
the twin merits of con- 
sistently high output and 
unvarying accuracy which 
contribute valuably to the 
economical production of 
Jaguar crankshafts. They 
are equipped with 36” 
diameter grinding wheels 
for grinding the main 
journal bearing diameters 
and the machining cycle 
includes automatic facing 
feed for grinding the 
journal end faces. 


JOHN LUND LIMITED - EASTBURN WORKS - CROSS HILLS - Nr. KEIGHLEY 


TELEPHONE: CROSS HILLS 3211 


(3 LINES) 
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WHEN YOU ARE WANTING NEW 


AIR COMPRESSORS 


DO NOT FORGET THAT WE HAVE 
A COMPLETE RANGE TO SUIT ALL DUTIES 








Whatever it is you need—large or small capacity— 
high or low pressure—we can supply the best 
machine for the purpose, and our fifty years 
of specialised experience are at your service. 


REAVELL & CO. Ltp. 


IPSWICH 


a — 








Telegrams: Reavell, Ipswich Telephone Nos.: 2124-5 











is ae 


recommended for use with 
€ « : 
irion | 
SIDE-OPERATING 

FORK LIFT CARRIERS 


(By Materials Handling Equipment (G.B.) Ltd.) 


THE LONDON OIL REFINING CO. LTD. 
LORCO WORKS 
LONDON, S.E.15 £87189 +=9=MANCHESTER 11 
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Fit 

Wild - Barfield 
furnaces 
into your 
production 
line 


A Wild-Barfield furnace will bring immediate advantages. It 
speeds up production and helps to cut costs by eliminating 
delays and wasteful handling. Built to the highest standards 
of workmanship, these furnaces offer consistent results and 
minimum maintenance. The Wild-Barfield Research 
Department is available at all times to advise you on your 


heat-treatment problems. 


Continuous and batch type furnaces for : 


NORMALISING 
HARDENING 
TEMPERING 

GAS CARBURISING 
CARBONITRIDING 
BRIGHT ANNEALING 








ELECTRIC 


ud) FOR ALL HEAT-TREATMENT PURPOSES 


FURNACES 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 
ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS. Telephone: Watford 6091 (8 lines) 
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HOW CAN THEY EXPECT 
GOOD WORK WITH THIS 
NOISE AND VIBRATION? 


Vibration doesn’t only wear out workers. It wears out 
machines, too. Luckily, there’s Croid-Cooper nowadays. 
With the Croid-Cooper method you stick your machines 
down like a stamp — but a stamp with a holding 

power of 50 Ib. to the square inch — move them when you 
like, do away with bolting, grouting, damaged 

floors. And the Croid-Cooper method can 

absorb more than 80° of vertical vibration 

on some machines. 


Send for details today. 


stim thr ate 


CROID 65 
MACHINE FIXING GLUE 


COOPER & CO. (BIRMINGHAM) LIMITED | ‘coopens 


BRYNMAWR ; BRECONSHIRE [si 
TELEPHONE: BRYNMAWR 312 ca 





the heart of your 
machine tools 


Machine tools depend to an increasing extent for their efficiency 
upon the condition of their hydraulic systems. It is, therefore, 
essential that they should be serviced regularly with the proper 
grade and type of hydraulic oil. Fletcher Miller are the acknow- 
ledged experts in this field and our Technical Representatives 
are always pleased to advise on particular lubricants. 

Our booklet “ Machine Tool Lubrication ” contains important 


data on this subject. Have you read a copy ? It’s free on request. Mtadhiniesy” ptungragh 


TA MRO SET OOM RAE Machine Tool Lubricants 


VETA FOR HYDRAULIC SYSTEMS GENERALLY GENA THE MACHINE TOOL LUBRICANT ALMARINE FOR ALL GREASE POINTS 


FLETCHER MILLER LTD., ALMA MILLS, HYDE, CHESHIRE. 
Telephone: HYDE 3471 (5 LINES) Telegrams: EMULSION, HYDE 





MTL36 





Insulator Division 
Electro-ceramic insulators, 
mass-produced to close 
dimensional tolerances, for 
radio, telecommunication 
and electronic apparatus, 
cooking, heating and 
pyrometric equipment. 


Electric Heating Division 


‘Chromalox’ ceramic- 
embedded strip, ring, pad 
and cartridge electric heating 
elements and ‘Tubalox’ 
sheathed wire elements for 
domestic and industrial 
purposes. Also complete 
appliances including air and 
immersion heaters. 


Gas Burner Division 
Non-corrosive ceramic tipped 


gas jets and gas burners 
for domestic and industrial 


heating and lighting together 


with a comprehensive range 
of spray jets for chemicals, 
oils and other fluids. 





~ 


In the forward march of industry, 
progress starts with visionaries’ dreams... 
with dreams awaiting translation into 
practical possibilities. And that’s where 
Geo. Bray have a part to play. In 

close on a century, the Company has 
made many dreams come true, turning 
the ideas of others and of themselves 
—for Geo. Bray engineers are visionaries 
too—into solid realities. 

For lighting and heating, for electrical 
insulation, for precision engineering, there 
is hardly an industry that does not rely 
on the products of this 95-year-old 
Company. Today, forward-looking people 
are constantly coming to the Insulator, 
Electric Heating and Gas Burner 
Divisions of Geo. Bray for advice on 

the development of new ideas in 


these all-embracing fields. 


r Hers that woul 
oy 





GEO. 
BRAY 


and company limited 


GAS JETS AND BURNERS 
ELECTRIC HEATING ELEMENTS 
ELECTRO-CERAMIC INSULATORS 


Leicester Place, Leeds, 2 
Leeds 20981 (9 lines) 
London Office: 

305 Grand Buildings, 
Trafalgar Square, W.C.2 




























The Institution of Production Engineers Journal 


A84 
CENTEC PROGRAMME CONTROLLED 
Automatic Milling Machines 
for consecutive 
operations in 
automatic sequence 
are used by 
ROLLS ROYCE 
at their aero-engine 
factory at Derby. 





Four of a batch of eight 
machines, each operator 
works two machines. 


Photo by courtesy of Rolls Royce Ltd. Derby 








CENTEC MACHINE TOOLS LIMITED - CENTEC WORKS - HEMEL HEMPSTEAD « HERTS Boxmoor 584-5-6 









when heat is the problem 


British Oxygen fit their 
Argonarc welding torches with 
SINTOX Ceramic Shields, 
having proved that SINTOX 
successfully withstands the 
thermal stresses imposed by the 
process. SINTOX 

is in the forefront of 

industrial development. 





RIGHT = Air-cooled Torch. For currents 
up to 100 amps. 

LEFT Water-cooled Torch. Maximum 
current capacity 350 amps. 


... the unfailing answer is 


Sintox Technical Advisory Service 


This service is freely available without obligation to those requiring 
technical advice on the application of Sintox Industrial Ceramics. Please 
write for booklet or any information required enclosing blue print if 
available. 





INDUSTRIAL CERAMIC 


SINTOX IS MANUFACTURED BY LODGE PLUGS LTD., RUGBY ® 
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Model | TALYROND’ ROUNDNESS MEASURING INSTRUMENT 


Smoother, quieter for faster running. 
Roundness is the key to smoother, quieter 
faster running, and such qualities depend 
upon the correct geometric shape as well as 
dimensional accuracy. 

The Taylor-Hobson ‘ Talyrond’ Roundness 
Measuring Instrument will measure errors as 


* (TH TAYLOR TAYLOR & HOBSON LTD. 


LEICESTER - ENGLAND infinitesimal as 3 micro-inches (.000,003-ins), 










thus assisting in the analysis of manufacturing 


A Division of 
RANK PRECISION 
INDUSTRIES LTD. 


processes, leading to optimum performance. 


TRI/18 


THE NEW 


BARBER & COLMAN 


[YM 


HOB SHARPENING MACHINE 


Peeme URES 


* PRECISION SET-UP ADJUSTMENTS 

* WET OR DRY GRINDING 

* ACCURATE INDEXING 

* PRECISION BUILT-IN WHEEL DRESSER 


* ADJUSTABLE HYDRAULIC TABLE SPEED 
AND STROKE 


* AUTOMATIC FEED AND INDEX COUNTING 
* UNIT CONSTRUCTION 


The new Barber-Colman No. 6-5 Hydraulic Sharpening 
Machine is a precision machine which controls index 
spacing, rake angle, lead of gash, and surface finish of the 
cutting tool to a degree which has never before been reached 
by any commercial sharpening equipment. Illustrated 
literature available on request. 


BARBER & COLMAN LIMITED 
BROOKLANDS SALE CHESHIRE 
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MINIUM ALLOY 


(Durcilium Regd). Alumagnese 


RODS 
BARS 
TUBES 
SECTIONS 
WIRE 


We are also manufacturers of “K”’ 
copper and aluminium wire, strip and 
strand for electrical and other purposes 


E.& E. KAYE LTD 


PONDERS END: ENFIELD: MIDDLESEX 
r fnfield 
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There’s an AVERY Hardness Testing Machine 


to suit your job 


AVERY 6402 Direct-Reading 
Hardness Testing Machine 
Rockwell Principle 


A highly accurate 

machine that is quick and 
simple to operate. Tests 
finished components 
without disfigurement. 
Comprehensive equip- 
ment included as standard 
allows for all tests. 

Large, clear dial for 
accurate reading. Clean, 
functional Avery design. 
Capacity 150 kg., specimens 
up to 8” deep. 





POHPOCHCHSOHPSHSOHROSCHCASHOSCHESCSEHHEEEHHSSESSCOE 


AVERY 6406 


Visual Hardness Testing Machine 


This one Avery machine 
tests materials from 
hardened steel to lead! 

It is equipped for the 
Diamond Pyramid 
method for the investi- 
gation of the very 
hardest materials. 


SPECIAL FEATURES 

Up to 300 comparative 

tests an hour. Accuracy— 
B.S.S. 240, Part |, and 

B.S.S. 427. Automatic 
magnification and projection 
of impression. Built-in 
Avery microscope and micro- 
meter. Readings to -001 mm. 
Measurement of impression without removing 
specimen. Avery rotatable screen allows measure- 
ment of two diagonals of pyramid impression. 
Load can be pre-set. 











RAPID FINGER-TIP CONTROL 














AVERY 6403 Power Operated 
Brinell Hardness Testing 
Machine 


A high precision 
machine that is both 
convenient and simple 
to operate. This makes 
it particularly suitable 
for laboratory or works 
use. Capacity 250 kg. 
to 3000 kg. 





SOOHSHSHHOCHSHOHHSSHSHHEHEHOTASSHEOCOEEHEOSOECEERE 


AVERY 6405 Power Operated 
Production Brinell Hardness 
Testing Machine 


A rapid and reliable method 
for the control of heat 
treatment retaining all the 
features of the standard 
Brinell test. 

Built-in unit for smooth 
power operation. Loading 
and unloading by Avery 
finger-tip control. Wide range 
of loading speeds. Clear, 
accurate Avery dial for direct 
reading. Ample room for 
specimens up to I’3” high. 
Extra Avery equipment 
available to give maximum flexibility. 





SPeeeceaeeseeeoeeeoeseeeseeeeeeeseeseeeeeeeeee 





» N 


Full details of these, and many other high precision Avery testing machines — 
are yours for the asking. For more detailed information write to — 
partment, W.4T. A Li Soho Fou Birmi 


Publicity 








All measurements with the Microptic Hori- 
zontal Measuring Machine are read in large 
clear figures from a 33? in. wide screen. Reading 
is simplified, setting more accurate, eyestrain 
eliminated. Ideal for use in Testing and Stan- 
dards Rooms and for routine measuring of 
all types of internal and external work. Any 
number of measurements over a four inch 
range can be made with one standard setting. 
Capacities: Internal ; to 10 ins., External 
0 to 134 ins. Metric reading model available. 
Length 35 ins.; height 22 ins.; width 14 ins. 


Write for list IPE/105. 


HILGER & WATTS LTD. 98 ST. PANCRAS WAY, LONDON, N.W.1 Tel: GULliver 5636 


Makers of precision optical instruments for analysis, measurement and inspection. Member of the Export Marketing Company—BESTEC 
Hwiios 


Direct reading to 0.00005 in. 
on projection screen 
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The Institution of Production Engineers Journal 








TUIUUOLUOUUUUNAUAULILAUA 


Se = 






FIELD OF VIEW 
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TUUIIUUUNUUANN 






HEOVUUODOUAAANAIIAA i 


TTT TTT TT ITLIA HL LUT LLLLEA LLL 


INININNs 









Illustration at top shows the machining of 
a valve head on a standard valve. Lower 
illustration is of a boss being 
tapped on the body of a 6in. 
cast iron valve, the tapping 
being 1tin, B.S.P. Both com- 
ponents are in continual pro- 
duction at Charles Winn’s 


NORTHERN AREA OFFICE: A. V. Green, Britannia House, Wellington Street, Leeds, Phone: Leeds 2/212 
LONDON AREA OFFICE: A. J. Percy, 240 Romford Road, Forest Gate, London, E.7, Phone: Maryland 7304/5 


ig Charles Win 
Birmingha 2 


m Valve 


Precj 


& ae Ltd., th 
ma “sy 
d ers, Galtona 


eS, etc. 
for all types 
ugh Tass a 





are proved 
& Perform. 


“ton under ail 


On radial 


FOR HIGH PERFORMANCE, PRECISION AND LONG-LIFE 






GALTON HOUSE, ELMFIELD AVENUE, TYBUBN, EIRMINGHAM, 24 


Telephone: Ashfield 1801, Telegrams “Cogs, Birmingham” 
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PRESSES BY SurvTeRzer 


The Butterley range of sheet metal machinery includes geared and ungeared power 
presses, guillotine shears, press brakes and general machinery for the hot and cold 
working of metals. 

All castings are made by the “ Meehanite” process in our own well-equipped 
foundries. The Butterley foundries are available for the production of high-grade 
** Meehanite ” castings to customers’ requirements. 





The word “Meehanite” is a We invite your inquiries for “ Meehanite” castings of all grades up to 20 tons. 
. eam aaa Full details of Butterley Sheet Metal Machinery supplied on request . . . 
4 
THE BUTTERLEY COMPANY LIMITED - RIPLEY - DERBY +> ENGLAND ¢ Tel: Ripley 41! (9 lines) 


e London Office: 9 UPPER BELGRAVE STREET, S.W.I. Tel: SLOANE 8172/3 
SM21 





























A90 The Institution of Production Engineers Journal T 


BLANKS WITHOUT DIES 


If you need small* 

quantities of blanks, pierced 

or otherwise, in metals or non-metals, 
use the... 


CROSLAND BLANK & PIERCE SERVICE 


which offers you prompt delivery 

of well finished blanks produced 

by its unique and surprisingly 
inexpensive tooling and production 
technique. Forget about dies and simply 
send your drawings and specifications to. .. 









































BREDBURY, Nr. STOCKPORT, CHESHIRE 
Telephone: Woodley 2621 (3 lines) 


ESTIMATES SENT BY RETURN 


* as small 


as you like! 














Cutting-off brass bar at 


& yer howe a 
The Wadkin C.Y. is the ideal machine for 
cutting-off non-ferrous bars or extrusions up 
to 4in. by 2}in. or 3in. round. It does the job 


with ease, speed, and consistent accuracy! 
The saaatel 4 aed ins position by capemn Wadkin CY.I. machine at Messrs. Crane Ltd., 
‘ Ipswich, cutting-off brass bars for valve parts. 


wheel operated feed and a short, easy downward 
movement of the handle both clamps and cuts 
through the material. Even after cutting the 
material is still held firmly until the saw is 
raised clear and allows components up to gin. 
long to fall through the chute. Nothing could 
be simpler in operation! Unskilled labour can 
easily maintain high rates of output. If required, 
machine can be arranged to cut-off up to 
3ft. 6in. long. 





Full details of the Wadkin C.Y. machine are 
given in Leofiet 597, available on request. 


Wadkin 


Wadkin Ltd., Green Lane Works, Leicester. Tel : 68151 (7 lines ) 














& 


London Office : 62-64 Brook Street, W.1. Tel: MAYfair 7048 
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Wire holes drilled in aircraft hexagon nuts by Par-A-Matics 
mounted in semi-automatic holding fixture. Operator inserts 
hexagon nuts in vice jaws to start cycle. Automatic ejection. 


“ARO-BROOMWADE” 
PAR-A-MATICS 


Save Man-hours 


Par-A-Matics are compact, self-feed pneumatic tools designed 
for multiple drilling, burring, tapping, grinding, reaming, 
nut-running, positioning . . . almost any operation requiring 


rotating tools which can be accommodated ina }” or 4” chuck. 


QUICKLY ADAPTED TO CHANGING NEEDS. 


Par-A-Matics are invaluable for long or short production runs. 
Gears are interchangeable for speedy conversion to any of 
seven speeds from 500 to 17,000 R.P.M. You can easily mount 
Par-A-Matics at any angle for automatic or semi-automatic 
operation. You can link any number for simultaneous 
functioning. One man, using a remote control valve, can 
operate a whole battery of Par-A-Matics. 

Par-A-Matics really wi/l SAVE YOU MONEY. Expert 
technical advisers are available for guidance on schematic 
layouts, based on a wide experience in the application of 
Par-A-Matics. Ask for Publication No. 443 T-.E. 


*“BROOMWADE’’ 


Air Compressors & Pneumatic Tools 
YOUR BEST INVESTMENT 








048 






BROOM & WADE LTD., P.O. BOX No. 7, HIGH WYCOMBE, ENGLAND. 
Telephone: High Wycombe 1639(I0 lines). Telegrams: Broom", High Wycombe.(Telex.) 











THE VERSATILITY 
OF PAR-A-MATICS 
covers almost any kind 
of rotating 
tool 
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free cutting 
aluminium alloy 


Nora] 28S free-cutting alloy machines even better and 
faster than conventional aluminium alloys! No build-up 
on the cutting tool, no awkward long pieces of swarf! It 
costs, volume for volume, little more than half as much as 
free-cutting brass 

How fast can you produce parts such as this television 
coaxial plug component? With Noral 28S it depends only 
on the capacity of the machine! 

May we send you further details? 


NORTHERN ALUMINIUM COMPANY LTD - BUSH HOUSE - ALDWYCH 
Wwc2 TEMPLE BAR 8430 AN ALUMINIUM LIMITED COMPANY 


TBw/T16 
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send for &=% 
these 
leatlets 


These leaflets cover our complete 
range of Milling and Drilling 
Machines and give full technical 
data and specifications. 

If you have any specific Milling 
or Drilling problems, our 
Technical Advisory Service is 
at your disposal. 


SPECIAL 
BINDER R D 
AVAILABLE 
to keep your leafiets neat 
and tidy and ready or 6 MILLING AND 
immediate reference. 6 
DRILLING 


MACHINES 


MIDGLEY & SUTCLIFFE LTD., Dept. j.P., Hillidge Works, Leeds, 10 


Tel: LEEDS 76032/3 
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CEJ PRODUCTS 
Ground Thread Taps 
Chaser Dies 


Circular Chasers and 
Holders 


Round Dies 

Thread Milling Hobs 
Thread Rolling Dies 
Plain Plug Gauges 
Mikrokators 

Micro Snap Gauges 
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Surface Finish 
Indicators 


Micrometers 
Bore Gauges 


Deltameters 
(Automatic Sizers) 


Drill Chucks 
Gauge Blocks 
Dynamometers 


SCREW GAUGES 


Extensometers 


Plain and Screw Snap 
Gauges 


Plain Ring Gauges 


Gronkvist Drill Chucks 


Dial Gauges 
Tapping Attachments 


Multiple Interference 
Microscopes 


Vernier Height Gauges 


A.l.D. AND A.P.Il. APPROVED 


SOUTHFIELDS ROAD, DUNSTABLE, BEDS - TEL: DUNSTABLE 422/3/4 










DHB/2360 
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For magnified 
output... 


use mechanical 
tubing... 


A great deal of time, labour and 
materials are saved when mech- 
anical tubing is used, particularly 
when manufacturing rollers and 
ring-shaped machine parts. 


We carry large stocks of tubing in many 
sizes and lengths with either large or small 
diameters. They are available in various 
finishes and are obtainable suitable for 
machining. 


corewe a Le ag ny 


ss. => 


Write, ‘phone or call for full particulars. 
IMMEDIATE DELIVERY IN MOST CASES 


Markland Scowcroft 


COX GREEN WORKS, BROMLEY CROSS, Near BOLTON 
M119 *Phone EAGLEY 690 (5 lines) 





Proghesh depends on ... 


PRECISION 


Greater productivity is only possible when the 
precision and accuracy of all jigs, fixtures 

and gauges are of the highest order. The modern 
specially laid out shops of G.P.A. allied to the finest 


standards of workmanship constitute your 





guarantee. We welcome your enquiries. 








G.P.A. TOOLS & GAUGES LTD. 

Controlled by Salford Electrical Instruments, Ltd. A subsidiary of The General Electric Co., Ltd. 
Registered Office and Works 

Harper Road, Wythenshawe, Manchester. Tel: Wythenshawe 2215 (3 lines) 


Grams: Pneutool. Phone, Manchester 
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METER SHOWS AMOUNT 

OF CORRECTION REQUIRED 

AT INDICATED ANGULAR 

POSITION IN THE SELECTED PLANE 















mmo A REFERENCE 
NUMBER BAND 
: v 1S MOUNTED ON 
: | ee Sis + 7 THE WORKPIECE 
‘L ee ~ Ls i oe OR ITS ARBOR 










‘R CORRECTION 4 a 4 ‘et a ee A STROBOSCOPIC 
PLANE i * + , a fs LAMP “STOPS” 
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BALANCING —" 
| ANGULAR 
isis : DIRECTION FOR 
Balancing is a process whereby the distribution of mass in TWO OPERATING CORRECTION 
a rotor is altered to eliminate vibrations at the supporting CONTROLS: THESE 
bearings. To statically and dynamically balance a rotor, a SWITCHES ARE FOR 
‘oweametaap wes a _ reeset = — INDICATIONS OF = The above illustration shows the operating principles of 
location for correction of mass or weight required in each of two UNBALANCE IN EACH Gisholt Dynetric Balancing machines and depicts Type 1SB 
planes perpendicular to the axis. Gisholt Type S Balancers pi ANE QF CORRECTION | (BENCH model) for measuring and locating dynamic and 
provide these indications — quickly. static unbalance (either or both) causing vibrations from 
0.000025 in., but not exceeding 3/32 in. at bearing surfaces 
TH Ee of parts from | to 30 Ib., 12 in. max. dia. up to 12 in. max. 


ED 


ON The modern means for quickly and accurately measuring and 
locating unbalance in rotating parts is provided by GISHOLT 
balancing machines. 

The Gisholt Machine Company (Great Britain) Limited, a 
subsidiary of Gisholt Machine Co., U.S.A., manufactures in 
this country the range of Dynetric type S horizontal dynamic 
balancing machines which handle work weighing from a 
fraction of a pound to 300 pounds and indicate, in each of 
two selected planes, the amount of correction material to be 
added or removed to obtain correct balance when vibrations 
at bearings are as small as 0.000025 in. and not more than 
3/32 in. at bearings. When set-up the indication is given in 
only 15 seconds. Unbalance can be measured and corrected 
in the first of a new design of part in less than 15 minutes. 
The amount of correction may be read in any practical 
correction unit such as thousandths of an inch depth of drill 
or in 1/64 in. lengths of wire solder. 


MODERN . po nei in. or less dia. at bearing surfaces. 1000 to 
bt MEANS — tiholZ 






Type 1S (FLOOR type) same as 1SB, above, but including 
} H.P. enclosed motor with brake and control. This machine 
and its BENCH version can be arranged for parts 2} in. or less 
dia. at bearing surfaces (weight capacity 2 to 50 Ib.), alterna- 

tively 4 in. or less dia. at bearing surfaces (weight capacity 
4 oz. to 5 Ib.). 


Standard machines can be arranged so that cor- 
rections for balance can be made in the balancer. 


Gisholt, U.S.A., make a range of vertical 
Dynetric type S Balancers, a ‘U’ series for parts 
weighing from 25 to 300,000 Ib., and special 
purpose balancing machines. 





Type 31S for measuring and locating — and wae Sole Agents Gt. Britain:— 

unbalance (either or both) causing vibrations from 

0.000025 in., but not exceeding 3/32 in. at bearing sur- BURTON GRIFHITHS & CO. LTD., 
faces of parts 24 in. max. dia., 24 in. max. length. Max. Kitts Green, Birmingham 33. 

dia. at bearing surfaces: 2} in. (weight capacity 2 to 50 Ib.), Tel: STECHFORD 3071. 


or 5 in. (weight capacity | 5 to 300 Ib.), 1000 to 2000 r.p.m. 
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“ Newallastic” bolts and studs 
have qualities which are abso- 
lutely unique. They have been 
tested by every known device, 
and have been proved to be 
stronger and more _ resistant 
to fatigue than bolts or studs 
made by the usual method. 
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practical 
engineering 
metrology 








By K. W. B. SHARP, B.Sc., A.M.I.Mech.E. This 
is one of the few books to cover the basic 
principles of the subject. Clearly written and 
chiefly with the 
fundamentals on which the student can build, 
describes a variety of methods, shows the 
accuracy to which measurements can be made 


well illustrated, it deals 


UDAL Press Unloader and 
Loader give four-fold saving 








by the various methods and instruments; covers 





Time Saving 


The Loader permits 
continuous feeding 
with the minimum of 
Operator move- 
ment. The two units 
together on a Press 
running at 15 s.p.m. 
will give a produc- 
tion rate of 800 per 
hour with one Op- 


well to reach 360 
per hour. 


Versatility 


Easy changeover 
from one job to 
another. Mounted 
on castor wheels 
with built-in height 
adjustment, the 
Units can be rolled 
clear for toolsetting 
or moved to another 
machine and reset 
within minutes. 





Economical Cost 


Relative to the sa- 
vings in production 
costs from the use of 
these Units, their 
prices including 
installation, are 
attractive. 


Labour Saving 


The Unloader either 
replacesan Operator 
at back of Press 
or enables the front 
Operator to con- 
centrate solely on 
feeding. 


Jj. P. UDAL LTD., 
Interlock Works, 


Court Road, 


Birmingham 12 
Tel:. Calthorpe 3114 











existing examination requirements and stresses 
the importance of actually using instruments. 
30/- net. 


PITMAN TecanicaL Booxs 


Parker St., Kingsway, London, WC2 
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E.N.V. have exceptional facil- 


ities for the manufacture of 





spiral bevel and hyphoid gears 


in sizes up to 72” and for the 


| 


i industrial applications. 


serial production of right angle 


drive units for wide variety of 


Ae 
| 
| 


| 
AN \ Engineers who need right angle 


transmissions are invited to 
communicate with the E.N.V. 
Design Department at the pro- 
ject stage. 





























E.N.V. ENGINEERING COMPANY LIMITED - * WILLESDEN - LONDON N.W.10 
Telephone; LADbroke 3622 AP88 
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Your Specification... 

SHEEPBRIDGE 
Fabrication... 

Satisfaction ! 
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Fabrications of all types in medium and heavy steel plates. . . 
fabrications to your own drawings and specification. 

Whatever your needs you'll find that Sheepbridge can 

handle the job. Here are the full machine shop facilities 

you may need . . . Here are the latest skilled burning and 
welding techniques . . . And here are the efficient service and 
attention to detail that will ensure a good fabrication to 

your satisfaction. Next time, see Sheepbridge to make sure 


you get the best. 


@ Machine tool frames & Welded vessels 
®@ Electric motor carcasses 
® Repetition replacements for steel castings 


Sheepbridge Equipment Limited ¢ Chesterfield * England 
One of the Sheepbridge Engineering Group 
Telephone : Chesterfield 5471 Telegrams: Sheepbridge, Chesterfield 
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HIGH GRADE MACHINE FILES 








CHIEL 


Swiss Type Machine Files 
61 Sizes, 4, 5 and 6 inches long for 
THIEL Ill and other Filing Machines 


-- Also 8 inches long for larger Filing Machines 


Rae 
i A 
FLAT SQUARE TRIANGULAR 
Bastard Cut Bastard Cut Bastard Cut 


PRISM -<dif— ee ies 
Smooth ROUND HALF ROUND 
Cut Bastard Cut Bastard Cut 









ie. | - ap 
CP” FISHBACK KNIFE EDGE tren! 
Round Edge 
Smooth Cut Smooth Cut Smooth Cut 


WRITE TODAY for 
details of complete range. 


WELL 


Diamond Impregnated Files for 
hardened steel and tungsten- 
carbide are also available. 


WELSH HARP, EDGWARE RD, LONDON, NW2 
TEL: GLADSTONE 0033 


) 


Also at BIRMINGHAM - Tel: SPRINGFIELD 1134/5 » STOCKPORT - Tel: STOCKPORT 5241 


TF GLASGOW - Tel: MERRYLEE 2822 








Ratcliff 


SPRINGS 


(ROCHDALE 
ee | : 
D — Rocubate 


Grams: Recoil, Rochdale 


29 


CRAWFORD sp 
NORMAN R 


Phone: 4692/3 4. 


Ratcliffe Springs never lose their temper ! 
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| Fist bsue 
> Now on Sale. 





GULAR 
Cut 


a new. authoritative 


source of information 








SF epee ETTSEvER 


on materials and 
components and their 
— selection in product 
design. 





| An enormous range of engineering materials has become SPECIAL FEATURES IN OCTOBER ISSUE 

available in recent years and is growing at an undiminished Recent Developments in Sandwich and Honeycomb Materials 
} rate. Engineering Materiais and Design is a new Extending the Uses of Titanium 
| monthly technical journal which will help engineers and Selection of F.H.P. Motors 


designers to assess the potentialities of these materials and eee ene eee ee nnn 
Enamelled Wires for Electrical Uses 


take advantage of their special properties. It indicates how High Density Polyethylene 

they can be used to improve product performance and A New View of Materials Selection in Engineering 

cut costs. Data Sheets: 1 Molybdenum 2 Polystyrene 
Engineering Materials and Design covers the whole CONTRIBUTORS INCLUDE : 

range of engineering materials, ferrous and non-ferrous Prof. A. S. Kennedy, BSc. Ph.D., A.M.LEE., F.inst.P., 

metals, plastics and rubbers, inorganic materials, and coatings College of Aeronautics; F. Howard, A.M.I.Mech.E., Senior 

and finishes. Mechanical, electrical and processing properties Research Engineer, Production Engineering Research Assoc.; 


R. H. Blewitt, B.Sc., General Electric Co., Ltd.; A. Holt, 

A. V. Roe & Co., Ltd.; L. A. Muirhead, B.Sc., A.R.I.C., 
Engineering Materials and Design will prove its Shell Chemical Co., Ltd. 

worth to all concerned with the sound, imaginative and free READER ENQUIRY SERVICE: special enquiry cards help 

progressive use of engineering materials and components in yeaders to obtain any further information they require easily 

the design and redesign of industrial and consumer products. and qu’ckly. 


are tabulated in Data Sheets for quick reference. 





ORDER YouR cory of Engineering Materials and Design 10-Dsy 


To order from all bookstalls and newsagents 2s. 6d. By subscription, 35s. sterling ($5.25 U.S.A. & Canada) for 12 issues 
including postage from The Circulation Manager, Heywood & Company Ltd., Drury House, Russell St., London, W.C.2. 





Jig boring 
Diesinking 
Drilling 
Horizontal milling 
*Vertical milling 
*Universal milling 
*Slotting 
*Shaping 


With the Victoria 01 or 02 Omnimil 

and standard attachments* as used 

with your Victoria Ul and U2 

universal millers. 

01—40”. x 11” table, power longi- 
tudinal table feed 3 hp spindle 
motor. 


02—45” X 11” table, power feed to 
all table movements, 4 hp spindle 
motor. 


OPTICAL MEASURING EQUIP- 
MENT (as_ illustrated) or dial 
gauges and measuring rod troughs 
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available as extra equipment. 


12 horizontal spindle speeds 
31 - 1010 r.p.m. 


h\ N \ 18 table feeds 0.4 - 12.25 in./min. 
8 vertical spindle speeds 80 - 2700 

| 4 | | 4 r.p.m. 
3 power feeds .0015 in., .003 in. 


and .006in. with auto trip. 
Coarse and micrometer hand feed. 


Manufactured by SstCs—“~S*~s“‘; OSS 
B. ELLIOTT (MACHINERY) LTD. 
(MEMBER OF THE B ELLIOTT GROUP) 

VICTORIA WORKS, WILLESDEN, LONDON, N.W.10 


Telephone: ELGar 4050 (10 lines) Telegrams: Elliottona, Harles, London 
Overseas Subsidiaries: CANADA, U.S.A., AUSTRALIA, S. AFRICA 








HEAT 
TREATMENT 


XK Capacity for case-hardening is now 
available in the most modern heat-treat- 


ment plant in London 


x Gas or pack carburising with full meta)- 
lurgical control over all operations 


THE FIRM WITH 
HALF-A-DOZEN 
JIG BORERS for 


PRESS TOOLS 


equipment etc. 


XK Gleason quenching press equipment for 
pieces up to 36” dia. plus wide experience 
in the control of distortion 


x Flame-hardening of gears up to 1o ft. 
dia. with latest electronically controlled 





HIGH SPEED SERVICE TOOL CO. LTD. 
Maple Road, Surbiton, Surrey. Elmbridge 1135-7 


STUDER PROFILE GRINDING A SPECIALITY 


E.N.V. ENGINEERING COMPANY LIMITED 
HYTHE ROAD * WILLESDEN ° N.W.10 
Tel: LADbroke 3622-3-4-5-6 
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Why consult your 


Paint Manufacturer 


about application METHODS ? 


Who else is so vitally concerned with every new development in 

application methods? Because each process calls for special formu- 
lations, R.I.C. technical staff keep ahead of changes in Europe and 
America by co-operating with manufacturers of application plant 


before it reaches the market. 


Paint users find this knowledge valuable when finishing methods are 
under review, knowing that R.I.C. have nothing to gain in recom- 
mending one method against another, except the goodwill that 


follows a better finish or a more economical schedule. 


Asent by any method 


INDUSTRIAL PAINT FINISHES 





ROB' INGHAM CLARK & CO. 


Westmorland House, 127/131 Regent Street, London, W.1. Telephone: REGent 0831 


BRANCHES AT BELFAST * BIRMINGHAM «+ BRISTOL * GLASGOW «+ LEEDS * MANCHESTER 


If it’s about Paint, ask RIG. 

















LET 
US 
BE 
YOUR 


MACHINE 


SHOP 


WE INVITE YOUR 
ENQUIRIES FOR: 


Capstan, turret and centre 
lathe work: Milling—all 
types—internal, surface 
and universal grinding. 
GSIP jig-boring, drilling, 
shaping, thread-milling, 
honing, etc. also for tool 
work. Ours is a complete 
machine shop to meet your 
every need. 


A.l.D. and A.R.B. 
Approved. 


MARSDEN & SHIERS LTD. 
DAVIS ROAD - CHESSINGTON - SURREY 


Phone ELMBRIDGE 5333-4 












Radio-Frequency—too!! 





Over the years more and more companies have 
entrusted us with their components for FLAME 


HARDENING and learned its amazing possibilities. 


Meantime we have developed a RADIO- 
FREQUENCY Department and can offer service 


from Valve Generators up to 125 Kva. 


On Starter Rings we have full automation. Yet 
we know there is still much to learn..... 


remarkable possibilities ! ! 





FLAME HARDENERS LIMITED 
Shorter Works - Bailey Lane - Sheffield | 


Telephone 21627 














Production Gauge 


The sure measure of production efficiency is 





— how many minutes in the hour your machines 


are working. The Servis chart will tell you when, 


and for how long, working and idle periods occur. 


This is valuable data for those who are in control. 





GET THIS INFORMATICN TODAY 


There is a Servis Recorder which meets your needs 


in every respect, and you should know about it — 


write for full details to :- 






SS) 
a 


SERVIS RECORDERS LTD 


Dept I-P-E - LONDON ROAD : GLOUCESTER 
Telephone: GLOUCESTER 24125 
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At the very heart of the metalworking world stand the two letters 
M.P. They symbolise METALWORKING PRODUCTION — 

a journal which is winning ever-wider recognition for its accurate, 
well-informed, practical service to the metalworking industry. 
























If your business involves the fashioning of metals, you will find 
METALWORKING PRODUCTION an indispensable companion. 
Its down-to-earth and up-to-date editorial gives you all the latest 
information and developments in the vast metalworking industry. 
It has a practical approach to the solving of everyday problems 
and its clear layout makes for easy reading. 


If you buy, METALWORKING PRODUCTION is your 
essential guide to the new techniques, the new processes, the new 
products and machines — in both its editorial and advertising pages. 





MEMBER OF THE ’ ’ ’ . , 
AUDIT BUREAU If you sell to the engineering industry 


OF CIRCULATIONS METALWORKING PRODUCTION is your essential 
advertising medium, reaching the managerial and production 
executives who between them control purchasing policy. 


You have the additional advantage of using the only 
journal in the field with a paid circulation certified by the 
Audit Bureau of Circulations. 


Metalworking Production 


INCORPORATING 






Published weekly, 50/- per annum or 120/- for three years, post free from 


MACHINIST METALWORKING PRODUCTION, 95, Farringdon Street, London, E.C.4. 


CEN 0911. 





Send today for a free copy of “Metalworking Production’”’ and judge for yourself 
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CONSULT RWB FOR 


EQUIPMENT for AUTOMATION and MECHANISATION 


RYW Barraclough & 


One of the many special products made by us 
for the Atomic Energy Authority. 


@ We Design and Manufacture Special Purpose 
Production Machinery and Equipment. 


@ Our specialised knowledge and _ practical 
experience in this work includes the use of 
Hydraulics and Pneumatics in Machinery 
Operation. 


@ We also have a standard range of Packaging 
and Food Processing Machinery. 


HARTWOOD ROAD * SOUTHPORT « LANCS 


Phone : SOUTHPORT 55661/2 Grams: PACKAGING, SOUTHPORT 








new and up-to-date 
edition 


Engineering Economics: Book | 


ELEMENTS OF INDUSTRIAL 
ORGANISATION 


By T. H. Burnham, B.Sc.(Hons.), B.Com., F.I.1.A., 
M.I.Mar.E., etc., and G. O. Hoskins, O.B.E., B.Com., 
M.Sc.(Econ.) (Lond.), etc. 6th Edition. This new and 
up-to-date edition provides a complete introduction to the 
reading required for Section A (Fundamentals of 

Industrial Administration) of the I.Mech.E. examination 

It introduces the engineer to a study of techniques that 
impinge on, and affect, his own technique and gives him 
a knowledge of the economic system of production 


and distribution. 21/- net. 





Also available 


Engineering Economics : Book 2 
FACTORY ORGANISATION & MANAGEMENT 
By Burnham and Bramley. 7th Edition, 25/- net. 


PITMAN Parker St., Kingsway, London, WC2 


600 Group Service 


to the 
POWDER METALLURGY 


INDUSTRY 





iers of 
We are suppli mechanical and 


i e.g. 
SS eno ni furnaces, Mixers 
hydraulic presses, sintering 
and sieves. 

Also ce 


Ele 
= ised Iron Powder, 
ae and Stainless Steel 
on 


“ Sintrex . 
etic 
for engineering and electromagn 


lytic Ir 
Powder 
components. 


Sole Agency als 
for DORST Automatic Metal Powder 
| 


SONS AND COMPANY LIMITED 


Wood Lane London W.12 Telephone: SHEpherds Bush 2070 
Telegrams: Coborn Telex London 
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Lower production costs in Engineering 
follow DAWSON automated 
cleaning and degreasing 









The cleaning of metal parts at all stages of manu- 
facture is of vital importance and Dawson automatic 
washing and processing plant, built into the production 
line will give maximum efficiency at lowest 
cost. A wide range of machines is available 
for handling every type of article from 
small intricate parts to large castings or 
double-decker buses. 
If you have a cleaning problem we 
shall be pleased to send one of our 
Technical Advisers to discuss this with you. 


Dawson 


CLEANING & DEGREASING 
PLANT 








Sole Distributors 


DRUMMOND-ASQUITH (SALES) LTD. kinc cowaro House, NeW STREET, BIRMINGHAM 


Telephone : Midland 3431 
Manufacturers: DAWSON BROS. LTD., Gomersal, Leeds. Telephone : Cleckheaton 3422 (5 lines) 
London Works : 406 Roding Lane South, Woodford Green, Essex. Telephone : Wanstead 7777 (4 lines) 
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How important is 


quality. 







RUBERT SURFACE ROUGHNESS SCALES NO 24 We 
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SURFACE FINISH CONTROL? 


Are your Draughtsmen, Foremen, Inspectors and Machinists 
surface finish conscious ? If so, your products will have a high 
reputation; if not your products will not be classed as high 


“RUBERT ” Surface Roughness Scales provide a reference of 
calibrated Surface Roughness for comparison of machined 
surfaces by sight and touch, and fulfil the need for a simple, 
dependable standard for visualising, selecting, and specifying 
surface conditions for production work. 


Whether you have electronic instruments to test Surface 
Roughness or not, your Draughtsman always needs Surface 
Roughness Standards to enable him to specify the required 
surface finish, and the Machinist cannot be without these 
because he must always have a comparison handy to tell him 
whether the finish is good enough, not good enough, or too 


good. 
XA Bie wn “ss Sane a We supply complete sets and single standards for special 
—— oo ; requirements to B.S.S. 1134: 1950, and B.S.S. 2634/1 : 1955, 


Accuracies 10°/, or 20%. 


RUBERT 
SURFACE ROUGHNESS SCALES 


used by hundreds of the most preminent British Firms 


RUBERT & CO., LTD. 
Acru Works, Demmings Rd., Councillor Lane, Cheadle, Cheshire. Tel 





















phone; GATiey 5855 





TREBLE YOUR 
MACHINE OUTPUT! 












AJAX AJ5/6 MOTORISED 
UTILITY HEAD 


GIVES FAST FLOOR TO FLOOR MACHINE TIMES 


Illustration shows three AJAX AJ5 Utility motorised Heads 
which each simultaneously bore a 2” hole and surface a 
boss on light alloy casting in 160 seconds. 

Motor driven by rotor and stator unit 4 h.p. at 1,425 r.p.m. 
or 3 h.p. at 2,800 r.p.m. as required. 3” diameter 3 jaw self 
centring chuck is standard. Lever cperated collet mech- 
anism for work up to 14” diameter available. 


(AJAX ) 


AJAX MACHINE TOOL CO. LTD. 


WESTMOUNT WORKS, HALIFAX, YORKS. PROP: ADA (HALIFAX) LTD. 




















FOR ADVERTISEMENT SPACE 


in this Journal 


PLEASE CONTACT 


T. G. SCOTT & SON LIMITED 


1 Clement’s Inn, 


London, W.C.2. 


(Telephone: Holborn 4743) 


RATES AND FULL CIRCULATION 
DETAILS ON REQUEST 
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The leading manufacturers 
of spark machining equipment Mk Ill Model 


now introduce their latest 65 KW 






















; 
: 








_ SPARCATRON 


means perfection in the field of spark 
machining with faster cutting, 

automatic control, ease of operation 
and a high degree of precision 


for all forms of die-making. 





Manufactured by 

IMPREGNATED DIAMOND PRODUCTS 
LIMITED 

GLOUCESTER » ENGLAND 
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